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INTRODUCTION 


N this work, I have made a routine ex- 

amination by histological methods of 

850 specimens’ of the cervix uteri. My 
object has been two-fold: (1) to ascertain the 
precise pathology of so called cervical ‘‘ero- 
sion” and (2) with a thorough knowledge of 
this pathology as a basis to inquire into the 
problem of the inception of cervical cancer. 
I think that all authorities agree as to the 
definite relationship between these two con- 
ditions, just as they are apt to disagree as to 
the exact nature of this relationship. 

In this country the question of the patho- 
logical life story of “erosion” of the cervix 
has been to some extent neglected. The all 
important subject of cancer in this situation 
continually takes precedence. Articles upon 
the histological features of this latter condi- 
tion are often bereft of much of their scientific 
value on account of an associated vagueness 
in respect of the pathology of an “erosion”’ 
present in conjunction. 

Although, therefore, my main endeavor is 
to elucidate as far as possible the problem of 
the inception of cancer of the cervix, I have 

2 The material from which I have compiled this work has been col- 
lected from specimens removed at operation by members of the Hon- 


orary Staff of St. Mary’s Hospitals. I wish to record my thanks to them 
for the facilities thus accorded me. 


realized that without a searching investiga- 
tion into the probable antecedent state, as a 
preliminary—by which at any rate the path- 
ology of that condition may be thoroughly 
understood—it would be useless to make this 
attempt; that is, without having what I con- 
sider to be the essential basic knowledge. 

To this end, therefore, I have collected this 
series of specimens—removed for all causes 
at St. Mary’s Hospital—and have examined 
them individually by serial section. By this 
means the various histological features de- 
scribed in the text have manifested them- 
selves over and over again. The histological 
appearances and cell reactions described are 
repeated in this series so many times that 
their constancy is, in my opinion, irrefutable. 
The photographs shown are merely the best 
obtainable of the type. 

The construction to be placed upon the 
behavior of the tissues under the varying 
conditions, however, remains to be decided, 
and upon this aspect I dwell, of course, at 
some length. 

This work is, therefore, divided into two 
parts. Part I deals with a consideration of the 
pathology of cervical “erosion” to which I 
have added a discussion of the pathology of 
ulceration of the cervix; and Part II with the 
relationship between “‘erosion’’ and cancer. 


1In the preparation of this article, I have been assisted by a grant from the Manchester Committee on Cancer. 
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There is no doubt that a certain histological 
“no man’s land” exists between these two 
conditions. I have attempted to bridge this 
by continued and closely applied routine 
examination throughout this long series of 
cases. The “precancerous” phases belong to 
this section; histological appearances which 
are ever debatable; epithelial characteristics 
which are regarded as ‘significant’; ‘‘sus- 
picious” types, and so on. 


“e 


Many of these 
aspects will be found to be included in the 
description of what I believe to be conditions 
far removed from the cancer phase. ‘The 
distinction between histological appearances 
of indefinite malignancy has interested me, 
and I trust that some light may hereby be 
thrown upon this controversial matter. 

This histological “‘no man’s land’’ does not 
present itself as a separate entity. It is 
impossible to deal with it in its order—between 
discussions of “erosion” and “cancer.” Many 
of its aspects belong to the pathology of 
“erosion” proper (including ulceration). The 
problem of the onset of the cancer phase 
must be approached from a wider standpoint 
than from the limited investigation of an 
indefinite interstage. The actual nature of 
epithelial behavior under all conditions, 
throughout the life history of “erosion” to 
that of definitely established cancer, must 
be elucidated in order inevitably to include 
this interstage—to take it in the pathological 
stride. 

The epilogue consists in a discussion of 
certain important features in early but 
definitely established cancer, without in any 

yay encroaching upon the subject of cancer 

pathology. The object of this work ends as 
soon as cancer begins. However, the last 
link is necessary to complete the chain. 


HISTOLOGICAL NOTE 


The histological appearances of the normal 
cervix uteri have been uniformly described 
by many authors. 

“A fibromuscular structure, the portio 
vaginalis of which is covered by squamous 
epithelium which merges at the internal os 
with the high columnar epithelium lining the 
cervical canal beneath which glands of a 
compound racemose type are situated in a 
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stroma closely resembling that of the general 
fibromuscular wall of the cervix into which 
it insensibly passes.’’ Such is—in outline— 
the normal histology generally agreed upon 
(7). 

It is also laid down that the squamous 
epithelium covering the portio is normally 
devoid of cellular downgrowths—such as is 
observed in the squamous epithelium of 
normal skin—between the papilla. The 
basal layers of the cervical squamous epi- 
thelium, therefore, normally present a fairly 
even surface to the subepithelial fibromuscu- 
lar structures immediately in contact. 

Erosion of the cervix or the catarrhal patch 
of Barbour is considered to be a pseudo- 
adenomatous condition and has been classi- 
fied into the congenital type and the inflam- 
matory type. The subclassification of simple, 
papillary, and follicular erosions in no way 
interferes with the general pathology of the 
condition, which in all cases is due to an 
overgrowth of the cervical lining elements 
on to the portio (displacing the epithelium 
of the affected area) on account of a glandular 
and epithelial hyperplasia secondary to an 
infection, which is evidenced by a round 
cell infiltration in the immediate vicinity. 

Watson (8) says that the commonest cause 
of erosion is laceration of the cervix resulting 
from childbirth. Wilson (8) also says that in 
many cases of erosion of the cervix, there are 
no signs of inflammation present, histologi- 
cally, and the appearances suggest that the 
usual covering of the vaginal portion of the 
cervix has simply been replaced by one con- 
tinuous with, and similar to, that which 
normally lines the cervical canal. 

He remarks: “It is at least probable that 
among the manifold changes consequent 
upon the formation and healing of erosions, 
some may ultimately be discerned that 
definitely predispose to the occurrence of 
cancer, that represent in fact precancerous 
conditions, comparable to those found in 
certain other situations.”’ 

Bonney states that, in all cases of early 
cervical cancer examined by him, there was 
evidence of erosion and cervicitis and that 
the precarcinomatous state is one of chronic 
inflammation characterized by the presence 
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Fig. 1. 
inflammatory reaction. 


A nulliparous ercsion associated with a mild 


of lymphocytes and plasma cells in the sub- 
peritoneal tissue, together with the dis- 
appearance of elastin and collagen and with 
epithelial hypertrophy. 

Wilson concludes that the exact relation 
between the precarcinomatous state and the 
inception of cancer still calls for elucidation; 
it may be, of course, that the one condition 
passes immediately into the other, or even 
that the precarcinomatous condition is al- 
ready malignant; on the other hand it is 
probable that the real precarcinomatous con- 
dition is one that merely prepares the ground, 
so to speak, in which the cancer seeds are 
enabled to germinate; or, further, it is con- 
ceivable that the condition represents the 
first attempt of the body to protect itself 
against cancer that is already implanted or 
is in process of evolution. 

Gilbert Strachan says: ‘the lesion is essen- 
tially inflammatory and when first seen the 
inflammation is usually chronic in type. 
According to varying estimates it is present 
in greater or lesser degree in 75 to 80 per cent 
of parous women and in about 25 per cent of 
nullipare.”’ The slight degree of erosion seen 
in virgins is due to a persistence of the fetal 
conditions in the cervix where the gland 
bearing columnar epithelium is not confined 
to the cervical canal but extends partly on 
to the portio, producing a red area around 
the external os. However, in other cases of 
erosion in nullipare and virgins, Strachan 
considers the causal factor to be an infectious 
one consequent upon the lowering of the 


Fig. 2. Stage 1. 
matory erosion. 


Histological appearance of an inflam- 


normal acidity of the vaginal secretion in 
conditions of anemia and general ill health. 
In nulliparous non-virgins and some parous 
women, gonorrhoea is the cause of infection. 

In most cases a greater or lesser degree of 
cervical laceration is present, but it is to be 
recognized that the extent of the subsequent 
erosion bears no relationship to the degree of 
laceration. A very small laceration may be 
followed by extensive erosion and vice versa. 
It is the virulence of the infecting organisms 
that counts. 

In speaking of the process of infection, 
Strachan says: “The subepithelial tissues 
become hyperemic and oedematous, with 
redness and swelling of the cervical mucosa. 
This is accompanied by an increase of the 
excretion from the cervical glands, which 
appears clinically as a mucoid or muco- 
purulent secretion to which the general name 
of leucorrhoea is given. As a result of the 
epithelial infiltration a certain number of the 
squamous epithelial cells surrounding the 
external os are raised from their bed and 
finally cast off, thus leaving a red raw circle 
around the os. This raw area becomes cov- 
ered by columnar epithelium which has been 
stimulated to grow out from the cervical 
canal. Racemose glands are carried out along 
with the epithelium and may _ proliferate 
greatly, producing the condition described 
by Eden as pseudo-adenoma, and_ usually 
called an ‘erosion.’” 

He later says: “Many authorities stress 
the point that this so called erosion does not 
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Fig. 3. Stage 1. Inflammatory erosion, a somewhat 
farther advanced state. 


represent an ulcer,” and that the red straw- 
berry appearance is due to the deeper in- 
flamed tissues being seen through the colum- 
nar epithelium. But parts normally covered 
by columnar epithelium—the uterine cavity 
or cervical canal—do not present this red 
appearance. Again, a more or less dense in- 
filtration of lymphocytes is always found 
below the surface, indicating the presence of 
a chronic infection and this would hardly 
persist if the surface were completely covered 
over. Further, there is in every section ex- 
amined an area between the columnar cover- 
ing on the one side and the squamous on the 
other where there is no surface epithelium 
and where the condition represents essentially 
a chronic granulating area. 

Strachan says: “‘the most important sequel 
of erosion is undoubtedly carcinoma. The 
continued irritation of the epithelium of the 
damaged mucosa would appear to be a pre- 
disposing factor in the production of epithe- 
lioma of the cervix.” This condition usually 
occurs in a parous woman who is likely to be 
the subject of cervical erosion; in many cases 
the transition from the one condition to the 
other can be traced both clinically and 
histologically, and there is little doubt but 
that erosion is the main predisposing factor 
in the production of carcinoma of the cervix. 

Carey Culbertson of Chicago recently con- 
tributed a paper to the Journal of the Ameri- 
can Medical Association in which he reviewed 
the subject of cervical erosion. He concludes 


that the sequence consists of (1) infection 
with resultant inflammation and (2) leucor- 
rhoea and papillary erosion. Erosion of the 
follicular type, he says, is really an addi- 
tional process, usually ascribed to attempts 
at spontaneous healing. 

Culbertson’s discussion of the part played 
by leucorrhoea in the production of erosion is 
interesting. He says: “That erosion is the di- 
rect result of a more or less continuing exces- 
sive discharge is undoubted. One practically 
never sees an erosion in the absence of a 
vaginal discharge, and its presence is evidence 
that there is an excessive cervical secretion, 
whether the patient complains of it or not. 
But such an explanation is not, in itself, 
sufficient. There are profuse discharges in 
which erosion is not seen. Thus, the lesion is 
not common in the virgin with retroversion 
uteri or descensus uteri and leucorrhoea, nor 
is it seen to develop in the occasionally pro- 
fuse discharge occurring in pregnancy. In 
certain leucorrhoeas, in other words, the flat 
epithelial cells of the portio are preserved. 
In others these cells macerate and disappear, 
thus giving the cylindric, mucus-secreting 
cell opportunity to proliferate and start the 
formation of the simple erosion. There must 
be some other factor in addition to the 
presence of the leucorrhoea itself, or, what is 
more probable, certain changes must take 
place in the nature of the discharge in order 
to produce erosion.” 

It will be seen from this that although 
Culbertson acknowledges the effect of leucor- 
rhoea itself upon the production of erosion, 
he does not consider the question of the 
relative irritative qualities of leucorrhceal dis- 
charges in this respect. 

In discussing the precancerous nature of 
various erosions Culbertson quotes Stone who 
applied the term “pre-cancerous” to those 
changes which show a variable quantity and 
quality of the other histological criteria of 
cancer. Culbertson, however, considers that 
atypical healing in the follicular type of 
erosion produces changes often differentiated 
with difficulty from the alterations typifying 
malignant disease. In this connection he 
shows photomicrographs exhibiting such con- 
ditions as the plugging of distended gland 
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Fig. 4. Low and high power photomicrographs, Stage 2. 
Cervical erosion, so called papillary erosion. ‘The first 


spaces by squamous epithelial cells, extensive 
and massive round cell infiltration with dis- 
integration on the surface, and describes as 
definitely malignant sections of tissue show- 
ing diffuse thickening of the surface epithe- 
lium with relatively short irregular down- 
growths from the basal layers. Of course I 
should like to see the actual sections in these 
cases—but even without these I am sure that 
I have many similar sections in my own series 
and, as I hope to describe later, this appear- 
ance does not suggest itself to me as malig- 
nant, but as the result of healing in the pres- 
ence of irritation —the irritation slowly dimin- 
ishing, allowing the healing to complete it- 
self. The type of cell is too adult, the irregu- 
larity of basal growth too uniform and too 
simple to suggest to me the presence of that 
influence which is at the basis of all malig- 
nancy. 

In 1925 Philip J. Reel discussed the rela- 
tionship between cervical erosion and cancer. 

He says: ‘‘For all practical purposes the 
frequency of cancer of the cervix in the virgin 
is negligible. Here, of course, the cervix has 
not been tormented by the presence of old 
lacerations, scar tissue formation or, as in 
some instances, even a low grade infection, 
but, on the other hand, it is highly probable 
that a certain percentage of these have 
endured the irritation of the congenital types 
of erosion over a considerable period of time.” 
It seems to me, in connection with the above, 


attempts at repair on the part of columnar epithelial ele 
ments. Proliferation in the presence of irritation. 


that Reel rather stretches a point in speaking 
of the “irritation” of congenital erosion. 
The erosion in these cases, according to 
observers, is due to a purely anomalous posi- 
tion of the cervical lining, not to chronic 
irritation. Reel reiterates the well known 
fact that cancer of the cervix is by far most 
prevalent in those women who have borne 
children and in whom are found to a greater 
or lesser degree the results thereof, namely, 
laceration, scar tissue, erosion, and secondary 
infection. 

C. H. Mayo says: “the part played by 
chronic irritation in the development of 
cancer is positive and definite to a degree. 
The danger of cancer is increased by all irri- 
tation and traumatism which demands a 
continued cell repair, and it is in proportion 
to that demand. Ultimately exhaustion of 
cell control bodies occurs, modified by age 
limitations and chemical surroundings. Such 
areas Offer an increasing opportunity for the 
half of a dividing cell to revert to the uni- 
cellular type of life and to become parasitic 
and cancerous.” 

Reel attributes the irritative nature of 
“congenital” erosions to the action of the 
acid secretions of the vagina upon the mis- 
placed epithelial lining with “consequent 
secondary infection” which is more virulent 
in a situation of this nature on account of 
the fact that such misplaced tissue does not 
possess the normal degree of immunity. 
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Fig. 5. A somewhat more advanced picture of Stage 2. 
The glandular downgrowths have penetrated deeply and 
show more proliferation of pre-existing cervical glands and 
less inflammatory reactions. No glandular distention. 
Small areas of more flattened surface epithelium are shown. 


Reel attaches importance to the exposure 
of cervical membranes to acid media such as 
occurs in eversion of the cervical lips—in the 
production of erosion. 

Reel agrees with Eden and Lockyer in 
preferring the term “proliferative adenoma 
of the cervix” to erosion on account of the 
gross appearance suggesting tissue gain rather 
than loss. He discusses purely the relation 
between erosion and cancer and, like other 
observers, assumes that all erosions are in 
effect precancerous states and that treatment 

whether medical or surgical—-should be 
immediately carried out on diagnosis. Facili- 
ties should be such as to render this practi- 
cable as early as possible. Reel, like other 
authors dealing with cervical erosion—even 
when its association with cancer forms part 
of the problem—accepts or agrees with the 
pathology of erosion as expressed by others— 
as a type of proliferative adenoma; papillary, 
adenomatous, or follicular according to local 
histological conditions—a redundant area of 
proliferated cervical lining—lying on the 
surface of a corresponding area of the portio 
which has been stripped of its superficial 
epithelium by chronic inflammation. 

This is, of course, a well recognized condi- 
tion, but one which I think does not play 
such an important part in the production of 
cancer as, what I call, a “true ulcerative” 
type of erosion; a condition to which the 


Fig. 6. Stage 3. New squamous epithelium is beginning 
to replace the columnar epithelium. There is rarefaction 
of the denser tissues. Deep glandular elements are apparent 
but little distention is as yet evident. 


name “erosion” can well be given in that 
there is definite tissue loss, the erosion area 
lying at a deeper level than the epithelium of 
the portio. The actual glandular and colum- 
nar cell proliferation in these cases is relative- 
ly small and the penetration of the irritant 
relatively great as compared with prolifera- 
tive erosions. 

Findley again lays great stress upon the 
treatment of the ‘precancerous states,” 
namely, erosions and eversions of the cervix, 
and endocervicitis, as the best means to com- 
bat the onset of cancer. He remarks that 
there seems to be no consensus of opinion as 
to what constitutes precancerous lesions of 
the cervix, and he quotes the opposed views 
of such pathologists as Schottlaender and 
Rick in their interpretation of the various cell 
changes observed by them. Again Frank 
asserts that these ‘radical pathologists clas- 
sify as beginning cancer conditions which, 
lacking as we do absolute histological criteria 
of early malignancy, may as well prove to be 
harmless epithelial proliferation.” 

However, Findley does say “while recog- 
nizing the occurrence of epidermization as 
a benign lesion, I would regard extensive 
changes of this sort as the precursor of cancer. 
In all cases where great irregularity in cell 
form and size, atypical mitosis, and hyper- 
chromatism are found, the diagnosis of 
malignancy is established.” 
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I think that Moench discusses the question 
of cervical erosion with great lucidity. In 
definitely differentiating between the pathol- 
ogy of the various cervical conditions which 
are at present known as “erosions,” he draws 
clear distinctions between them. 

His chief conclusions are as follows: 

1. The so called congenital erosion due to 
an anomaly of growth should be called con- 
genital pseudo-erosion. 

2. The term ‘‘endocervicitis” should be 
replaced by the term ‘‘cervicitis” as corre- 
sponding more nearly to the morphology 
present. 

3. The inflammatory erosion of the cervix 
has a stage of actual true erosion and three 
stages of healing in which it is covered, first, 
by no epithelium at all; then by columnar 
epithelium; and in the last two stages by 
squamous cell epithelium. 

4. An ectropion may be due to marked, 
especially acute, inflammation, or may be 
due to laceration and eversion of the cervical 
lips. 

Moench thus differentiates definitely be- 
tween inflammatory erosion and the other 
conditions such as ectropion, eversion, and 
congenital erosion, which are loosely called 
erosions. 

From a study of my cases, I am completely 
in accord with Moench in these distinctions 
and also in his description of the pathology 
of inflammatory erosion. ‘This condition, 
however, as Moench describes it, fulfills my 
conception of proliferative inflammatory ero- 
sion according to my classification. 

In his description of inflammatory erosion 
Moench considers that the ‘rather unstable 
balance between the columnar and squamous 
cell epithelium” in the region of the external 
os due to the epithelial changes which occur 
embryologically at this point has a marked 
influence upon the frequency of inflammatory 
cervical erosion. I agree with him as to the 
derivation of the primary covering of colum- 
nar cell epithelium over the eroded area in 
that it originates by direct extension from 
the cervical canal epithelium or from some 
of the superficially lying cervical glands 
“which easily can, and do, reach the surface 
of the portio”—and not, as Ruge and Veit 
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believed, as an extension from the basal cell 
layer of the squamous cell epithelium. In 
speaking of the last stage of healing in which 
the squamous epithelium completely covers 
the erstwhile eroded area, Moench quotes 
Meyer in saying: “In this way squamous 
epithelial downgrowths occur which, to the 
inexperienced, may give the impression of 
malignancy.” This is in entire agreement 
with my own observations and substantiates 
my belief that it is from the actual type of 
cell which is concerned in atypical distribu- 
tions of epithelium that the diagnosis of 
malignant activity is to be made. As I shall 
point out later, the process of healing by 
epithelium in the presence of continued irri- 
tation cannot show other than atypical 
formations. 

With regard to the recurrence of cancer in 
the cervix, the difficulty is recognized of 
definitely being able to state the actual site 
of commencement in the great majority of 
cases. 

For instance, the endocervical type, which 
predominates, may have its origin either in 
the basal layers of the squamous epithelium 
covering the portio or in the columnar 
epithelium of the cervical canal, and it is 
nearly always impossible to observe from 
which of these elements any given cancer 
has sprung. 

Wilson (8) says: “That Cancer takes its 
origin in intimate relations in space with pre- 
existing epithelium is certain, but that its 
inception is due to a ‘metaphasia of the nor- 
mal epithelium’ has not been proved.” He 
also asserts that there is present a distinct 
line of demarcation between the normal sur- 
face epithelium covering the cervix and any 
squamous epithelioma in connection with it. 
There is no histological proof, he says, of a 
gradual transition between the one and the 
other. He, however, admits the occurrence 
of epithelial downgrowths in the vicinity of 
the malignant tumor, but regards this as due 
to irritation. Wilson even remarks: ‘“‘It, 
therefore, appears better to drop the term 
squamous epithelioma, which implies de- 
velopment from the epithelium covering a 
definite part of the cervix, and to, speak of 
solid alveolar carcinoma of the cervix.” 
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Bonney has stated that the external os is 
implicated in every case of cervical cancer, 
but Wilson says that only 50 per cent of his 
early cases began at the external os. 

In reviewing cancer statistics, B. P. 
Watson points out that in 1922 and 1923, 
cancer of the uterus accounted for 16.5 per 
cent of all deaths in females from cancer in 
England. ‘The percentage of deaths from 
cancer of the breast slightly exceeds this 
figure. He says: ‘In attempting to diminish 
the incidence we must not be discouraged by 
the fact that we do not yet know the ultimate 
cause of cancer. There are many diseases 
such as malaria, sleeping sickness, and yellow 
fever, the incidence of which was diminished 
before their ultimate cause was known, simply 
by controlling one factor which appeared to 
play a part in their causation. The nature 
of all the agencies which have to work to- 
gether before cancer can develop in the uterus 
we do not know, but one condition——namely 
irritation—is so constant in cancer of the 
cervix that it must be recognized as one of the 
etiological factors. 

“Frankl’s statistics show that 97 per cent 
of all cancers of the cervix occur in women 
who have borne children. The number of 
pregnancies and labors plays a secondary 
role. The fact that a woman has had one 
child predisposes her to cancer of the cervix; 
that predisposition is almost certainly due to 
injury of the cervix. If that injury is fol- 
lowed by chronic infection and catarrh, as is 
so frequently the case after deep lacerations, 
the predisposition is increased. We know 
that cervical catarrh occurs in nulliparous 
women as the result of infection and even in 
virgins in whom infection can be excluded, 
and these may be the nulliparaee who develop 
cancer.” 

Watson, therefore, stresses the importance 
of the surgical treatment of cervical lacera- 
tion and inflammatory states of the cervix in 
the firm belief that the incidence of cancer 
would be diminished thereby. 

Statistics all over the world agree upon 
this point of multiparity as a predisposing 
cause to cancer. Leipmann reports that 
cervical carcinoma in nulliparz was found by 
Kroemer to occur in only 1.77 per cent of 
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cases, by Koblauch in 4.6 per cent, and by 
Theilhaber and Edelberger in 2.9 per cent. 

Cullen also collected 50 cases of squamous 
cell carcinoma of the cervix and found that 
49 of these had borne children and that 
half the patients were mothers of 5 or more 
children. Cullen also states that Howard A. 
Kelly has seen only 3 nullipare who had 
carcinoma of the cervix, and in 1 of these an 
instrumental dilatation had been previously 
performed. Cullen, therefore, believes that 
trauma by instrumental dilatation of the 
cervix is a possible factor in the development 
of carcinoma of the cervix. 

In this connection Lilian K. P. Farrar 
investigated the period of time after the last 
pregnancy at which cancer of the cervix 
developed, and in her series found this to 
occur in less than 5 years in 11.1 per cent; 
between 5 and 10 years in g.2 per cent; be- 
tween 10 and 20 years in 41.7 per cent; be- 
tween 20 and 30 years in 24.4 per cent; and 
she concludes that repeated injury in suc- 
cessive pregnancies is a point of significance 
as a predisposing factor. In fact, Dr. Farrar 
considers that cervical lacerations are them- 
selves directly responsible for the onset of 
cancer and in common with other authors 
advocates the routine repair of the cervix 
either by primary or secondary operation. 

With regard to these views, I consider that 
one cannot legitimately dogmatize upon the 
fact of cervical laceration being the predis- 
posing causes of cancer without first demon- 
strating that cancer originates in, or near, 
the laceration, and this of course is not the 
case. Although the vast majority of cancer 
cases in a series show cervical lacerations 
following childbirth, I consider that this 
particular injury is of such common occur- 
rence, in fact almost of necessity occurs in 
greater or lesser degree in association with 
parturition that, failing this pathological 
proof of cancer incidence, the significance of 
the constant presence of old lacerations in 
cervical cancer might conceivably be much 
less than some authors aver. A laceration is 
an apparent injury and as such perhaps is 
blamed in excess of its deserts. 

The specific nature of cancer growth has 
exercised the minds of many authors in the 
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past. Ewing in America, Schottlaender in 
Germany, and Blair Bell in this country are 
well known authorities. 

Blair Bell looks at the central problem of 
cancer from as wide a standpoint as possible 
and regards it as comprising “‘a complete 
understanding and control of that divergence 
from the normal, both from preventive and 
curative points of view” and not ‘‘as a quest 
after the so-called cause or causes of cancer.” 
He seeks after the ‘specific process” rather 
than the specific cause and regards malignant 
neoplasia as a specific process in itself, but 
not necessarily due to a specific factor. 
Blair Bell is skeptical in regard to the idea 
that a single specific causal agent or a com- 
bination of two specific causal agents or fac- 
tors is inevitably responsible for malignant 
neoplasia, as suggested by the work of Gye 
on account of the fact that the majority of 
investigators agree that such factors are 
numerous and together establish the condi- 
tions necessary for the development of can- 
cer. In his work, therefore, he has concen- 
trated upon a consideration of the nature of 
cancer as a specific process rather than an 
investigation into the character of the excit- 
ing stimuli. 

In studying the theories of Blair Bell and 
Gye in respect of cancer growth, however, I 
have often thought that, whereas Gye strives 
to elucidate the mystery of a causal agent at 
the one end of the scale, and Blair Bell ex- 
tracts the very essence of the growth process 
at the other, the intermediate fact of a possi- 
ble specific influence, affected maybe by the 
former, thus resulting in the production of 
the latter, has been overlooked. 

Blair Bell says that malignant neoplasia 
arise from cells of impaired function, “un- 
healthy cells,’ and that whatever causal 
factor, whether metabolic or extrinsic, can 
permanently impair a cell, without killing 
it, may be regarded as a predisposing cause 
or “exciting factor” of malignant develop- 
ment. 

He moreover asserts that phosphatides 
and other lipins are present in larger quanti- 
ties in malignant growths than in normal 
somatic tissues. Gye and Cramer (4) showed 
in rat tumors that the phosphatide content 





varied as the rapidity of the growth, and 
shows by experiment that the cells of malig- 
nant neoplasia possess a higher water con- 
tent, a higher phosphatide value, and a 
higher phosphatide-cholesterol ratio than 
either normal tissue cells or innocent tumor 
cells; and approximate in these respects to 
the cells of the chorionic epithelia which are 
themselves “normal malignant” cells or cells 
of restrained malignancy. Permeability of 
the cell membrane is favorable to rapid 
growth and is an essential to malignancy. 
This property is associated with a high 
phosphatide-cholesterol ratio and a_ high 
water content is evidence of it. 

In this research, Blair Bell has aimed at 
discovering the essential difference in type 
between the normal and malignant cell and 
has made use of the cells of the chorionic 
epithelium, normally present during develop- 
ment of the fetus, but normally possessing 
functions without parallel in other cells of 
the human body and demanding characteris- 
tics definitely associated with malignancy in 
adult tissues, as we understand it, and more- 
over assuming a supermalignant activity on 
the loss of that control, an understanding of 
which would mean so much in the elucidation 
of the cancer problem. 

Blair Bell further found that the metal 
lead had an affinity for the phosphatides and 
cholesterol contained in cell protoplasm and 
that its action upon the normal chorion 
epithelium was a specific one, a coagulation 
necrosis being brought about within the cells. 
His lead treatment for cancer, therefore, is 
based upon these experiments, the direct aim 
being to cause an arrest and destruction of 
the growth by inducing necrosis of its cells 
or combining the lead with their phosphatide 
contents. 

Blair Bell thus defines malignant neo- 
plasia as ‘‘a specific growth process in that 
it is a reversion on the part of the starving 
cell to the nutriment seeking proclivities of 
its ancestral type, the chorionic epithelium.” 

Recently W. Schiller has discussed the 
diagnosis of very early carcinoma of the 
cervix. He is satisfied that just as in the 
later stages a superficial extension may pre- 
cede deep penetration of the neoplasm at 
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right angles to the epithelial covering, so in 
the very earliest stages the neoplastic change, 
which (he asserts) invariably commences 
near the external os, proceeds centrifugally 
along the surface of the cervix. 

In a series of 135 cases in which the uterus 
was removed for other reasons, Schiller found 
that early evidence of carcinoma occurred 
in 4. 

Schiller defines the pathological cytology 
as “anaplasic atypia and polymorphism” of 
the epithelial cells. He says that in the very 
earliest stages the epithelium is as definitely 
marked off from the underlying connective 
tissue as in normal conditions, but both in 
the basal and superjacent layers neighboring 
epithelial cells and their nuclei are of differing 
size and shape, with variable staining prop- 
erties. The nuclei are relatively more numer- 
ous than in the healthy epithelium, from 
which the early carcinomatous area is marked 
off by a sharp and unusually oblique line of 
demarcation. 

Neither absence of mitoses nor absence of 
penetration of the epithelium deep into the 
connective tissue excludes the diagnosis of 
carcinoma. Inflammatory infiltration be- 
neath the carcinomatous zone is usually 
noted. 

Thus certain of Schiller’s findings are in 
agreement with my own. For instance, I am 
sure that the beginning of carcinoma occurs 
in the region of the external os. The cell 
changes in early carcinoma are similar to 
those observed in my series. As to the 
“oblique line of demarcation” between the 
carcinomatous and unaffected areas, I am 
not wholly in agreement as to this being of a 
purely pathological nature. 

More recently still, at the International 
Cancer Conference, certain distinguished 
speakers discussed the latest theories as to 
the etiology of cancer. 
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James Ewing favored the irritation theory. 
He said: “It seemed clear that cancer arose 
only on tissue which had become altered by 
chronic irritation.” He declared that there 
was no one exciting cause of cancer, nor one 
great secret in the cancer cells. 

Archibald Leitch discussed certain specific 
irritants which appeared to be able to pro- 
duce cancer under certain conditions and in 
certain hosts. 

J. B. Murphy dealt a severe blow to the 
virus theory of cancer. He asserted that 
fractional precipitation of the proteins from 
extracts of the Rous chicken sarcoma results 
in the production of a purified fraction which 
is capable of reproducing tumors in fowls. 
This active fraction had also been isolated 
from tissue of normal fowls free from contact 
with tumor bearing animals, a fact which 
negatives the specific virus theory. Murphy, 
therefore, considered that one had to deal with 
endogenous chemical substances rather than 
with extrinsic living viruses. 

J. McIntosh on the other hand considered 
that the virus theory had been regarded too 
lightly. 

A. Borrel also supported the virus theory. 

Many other speakers. of international 
repute contributed to the discussion which, 
however, terminated in a stalemate between 
the biological and parasitic theories—a posi- 
tion which has so long prevailed. Experi- 
mental cancer production has not yet reached 
the stage of consistency. The unknown 
“agent” has not yet been elucidated. Pro- 
duction of cancer by the direct injection of 
the specific agent presumed to be present in 
certain extracts, or by the indirect method of 
irritation by chemical irritants, has not yet 
resulted in any one fact being common to all. 
The adherents of both the great etiological 
theories therefore are still able to stand 
firmly by their separate and distinctive views. 
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I. THE PATHOLOGY OF CERVICITIS—EROSION OF THE CERVIX 


Much has been written concerning the 
pathology of cervical erosion, much, that is, 
by American and Continental authors. In 
this country, however, gynecologists and 
pathologists have tended to evade this sub- 
ject. I can find little evidence in British 
journals of a systematic inquiry having been 
carried out in respect of it. B. P. Watson’s 
account, as published in Eden and Lockyer, 
(8) is a standard description. 

My series of 850 specimens of the cervix 
uteri removed for all causes, including that of 
cancer, contains 822 instances of cervical 
erosion in its various phases and a study of 
these has led me to adopt definite views as to 
the pathology of these phases. In the main I 
am in agreement with certain American 
observers, but I feel that a wide enough view 
has not been taken in respect of certain fac- 
tors in the life history of this condition. 


CONGENITAL EROSION 


The reddened patch observed to envelope 
the external os in the nulliparous and pre- 
sumably non-infected cervix has been long 
accepted as being due to an anomalous growth 
of the mucous membrane lining the cervical 
canal whereby it fails to recede during infancy 
from its encroachment on to the portio. 

I have not verified or disproved this view 
myself, but I can assert that cases of this type 
in my series show definite evidence of an 
associated inflammatory reaction which pre- 
sumably then would be of a secondary nature. 
Whether this reaction is due to the effects of 
bacterial infection or chemical irritation one 
cannot say. In any case this fact has no 
important bearing upon our view of the 
pathology of erosion—the basic factor con- 
cerned being in all cases, a typical acute, 
subacute, or chronic inflammatory infiltration 
in contact with the affected area. I therefore 
prefer to use the word irritation in place of 
infection throughout, as a term which em- 
braces the effects of either bacterial or 
chemical contact. 

Moreover, the type known as congenital 
erosion is by comparison relatively rare and 


is consequently, from the point of view of this 
work, of much less importance as a precursor 
of cancer than the great group of inflamma- 
tory erosions with which I am about to deal. 

Histologically there is no reason to dis- 
tinguish between this type and the prolifera- 
tive erosion which is brought about as the 
result of irritation. The inflammatory reac- 
tion is there or has been there. Whether it is 
the cause of the lesion, or secondary to it, 
depends upon one’s acceptance of the etio- 
logical theory. 

Plate 1. A. The gross appearance of the 
nulliparous erosions. This is taken from a 
case in which there were 2 or 3 small uterine 
fibroids present in the uterus. Panhysterec- 
tomy was performed in a nullipara. Such 
specimens are, of course, difficult to obtain, 
as removal of the cervix is not a recognized 
form of treatment for erosion in the nullipara, 
and panhysterectomy is also as a rule in- 
frequently performed in these patients. 

Figure 1 shows the histological appearance 
in this case and demonstrates the evidence of 
an old inflammatory reaction in association. 


INFLAMMATORY EROSION 


The so called erosion proper or inflam- 
matory erosion of Moench has long been a 
recognized pathological and clinical entity. 
American rather than British observers have 
studied this most important subject of 
gynecological pathology. A study of my 
cases which exhibit instances of this condi- 
tion has led me to agree to a large extent with 
these observers. I have studied the subject 
of cervical erosion as a preliminary to, and 
as part and parcel of, my inquiry into its 
relationship to cancer of this situation and I 
propose to deal briefly with its various phases 
as I believe they occur. 


STAGE I. THE PRIMARY EFFECTS OF IRRITATION 
(A TEMPORARY PHASE OF TRUE EROSION) 


The irritant during the first stage is acute 
or subacute and is evidenced by the presence 
of a localized reddened patch of affected sur- 
face tissue near the external os. 
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Microscopically it is observed that the 
squamous epithelium of the portio has had 
no time to react to the inflammatory irritant. 
There are no hypertrophic downgrowths of 
it or other associated proliferations of its 
cells which occur as its specific reaction to the 
more chronic irritations. Instead, the epithe- 
lium is stripped off bodily at the level of its 
lowermost layer of cells and lifted up by the 
invasion of masses of large and small blood 
cells and others composing the exudate 
excited by the inflammatory reaction. The 
glandular elements situated in the region of 
the external os have also no time as yet to 
proliferate so that the affected area of the 
portio is characterized by a comparatively 
thin layer of inflammatory material—which 
has itself not yet had time to penetrate the 
muscular tissues of the cervix to any appre- 
ciable extent—bounded by a strip of partially 
desquamated but otherwise normal squamous 
epithelial covering, which is continuous at its 
further end with as yet unaffected epithelium 
on the one side and the glandular elements 
near the internal os on the other. 

I found that cases in the early stage were 
the most difficult from which to obtain a 
specimen on account of the fact that the 
condition had progressed to chronicity as a 
rule before the patient came to operation, 
that is for removal of the cervix. Patients 
exhibiting early cervical irritation, per se, are 
of course treated by other means, so that I 
possess in my series only 8 cases which show 
this early stage at all well histologically. 

Figure 2 shows the histological appearance 
presented in the early stage. 

Figure 3 shows a slightly farther advanced 
degree of the same stage. Here the irritant 
goes somewhat deeper and there is a com- 
mencing activity on the part of the cervical 
glands to react by proliferation. As yet, 
however, the surface irritation predominates 
and there is no attempt to recover the 
affected area by new epithelium. 

I consider that during this first stage only, 
one might justly term the condition erosion. 
There is actual loss of surface epithelium 
now with no replacement. There is a replace- 
ment of the firm surface muscle tissues by 
semiliquid inflammatory material. The af- 
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fected area is truly eroded. But this stage is 
a relatively temporary one as compared with 
the long standing stages of chronicity which 
follow, and which themselves are known, 
erroneously in my opinion, as variations in 
type of cervical erosion. On the other hand, 
this early and temporary stage which is 
pathologically a true erosion is generally 
termed acute cervicitis, which of course is a 
correct nomenclature. 


STAGE 2. EPITHELIAL REACTION TO INFLAM- 
MATORY IRRITATION; PROLIFERATION AND 
REPAIR 


The second stage marks the limit of the 
inflammatory ascendancy—the moment at 
which its advance is checked by the epi- 
thelial defending elements. 

The evidences of the inflammatory reac- 
tion are definitely lessened. The surface 
exudate is less, although it still contains a 
number of leucocytes, and it is intimately 
associated with the new surface epithelial 
covering which is identical with, and derived 
from, the columnar epithelium lining the 
cervical canal and cervical glands. ‘The 
affected cervix now presents the typical ap- 
pearance associated with this condition. A 
roughly circular area around the external os 
is reddened and slightly raised above the 
level of the portio. This area is soft and 
“velvety” to the touch and may bleed on 
examination. It is caused by a true redun- 
dancy of abnormally situated columnar 
epithelial elements in association with the 
products of a subsiding inflammatory re- 
action. 

Microscopically it is observed that the 
products of inflammation are much lessened 
and are now intermingled with a new surface 
covering composed of a single layer of high 
columnar epithelial cells from which glandular 
downgrowths into the subjacent rarefied 
areas have taken place. The epithelium lin- 
ing the cervical canal has responded to the 
inflammatory irritant and has proliferated 
in an effort to repair, at the same time ex- 
ercising its specific function in the manu- 
facture of new glandular elements. These 
downgrowths vary in depth, and between 
them the sparse connective tissues of the 
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inflamed cervical surface persist in varying 
amount. This gives the appearance of small, 
papillary projections with central connective 
tissue cores and has resulted in the term 
“papillary erosion” being applied to this 
state. At this stage then the new surface 
elements do not penetrate the underlying 
muscle to any extent—the depth of the 
erosion along most of its extent being only 
that of a single short glandular downgrowth. 
In the region near the external os, however, 
where the normally situated cervical glands 
are placed, the depth increases somewhat 
owing to a localized proliferation of the actual 
glands themselves, whereby they spread 
outward and upward to the surface at its 
nearest point. As yet, however, even the 
more deeply situated of these glands have 
not had time to enlarge by distention and 
the epithelium lining all these new down- 
growths remains of the high columnar type. 
The general appearance of this stage is one 
of great epithelial activity in the presence 
of a continued but less virulent irritation 
(Fig. 4). 

A battle is now waged between the invad- 
ing inflammatory elements and the defensive 
epithelial tissues, until a stage is reached at 
which the glandular downgrowths have 
reached their furthest penetrative limit and 
the inflammatory reaction has considerably 
lessened in activity. Absorption of some of 
the older exudative material is beginning to 
take place with consequent rarefaction of the 
basic surface tissues. Here and there small 
thin strips of a flattened epithelium can be 
discovered on the very surface of the affected 
area. There is, however, no glandular dis- 
tention among the new elements, all of which 
communicate freely with the surface. The 
pre-existing cervical glands in the region of 
the external os have reacted to the irritant 
to their utmost extent and have proliferated 
as far as possible to merge gradually into the 
new glandular formations. ‘This is the turn- 
ing point between destruction and repair, 
and is characterized by the obvious lack of 
necessity for further epithelial activity, the 
irritant being now inefficient to effect this 
phenomenon. Figure 5 shows an example of 
this end phase of Stage 2. 
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STAGE 3. REPLACEMENT OF 
SQUAMOUS EPITHELIUM ON 
OF THE AFFECTED AREA. 
OF FINAL REPAIR 


COLUMNAR BY 
THE SURFACE 
COMMENCEMENT 


This stage is one of immense interest 
histologically in that it exhibits a range of 
variations in accordance with the conditions 
under which it takes place. The recovering 
of the affected surface by squamous epithelial 
cells—cells which are much less resistant to 
maceration than columnar epithelial cells 
can take place to perfection only in the com- 
plete absence of irritation. Many of the 
variations shown in the development of this 
stage are due to the different degrees of 
irritation still present at the time of healing. 
Others are due to recurrence of the irritation 
in greater or lesser degree, as the result of 
re-irritation, after healing has partially taken 
place and others are again the outcome of 
regenerative growth in non-resistant areas. 
A cursory glance at certain of these variations, 
especially if one is not accustomed to the 
study of gynecological pathology, will un- 
doubtedly result in an erroneous impression 
being conveyed as to the innocence or other- 
wise of the epithelial growth as here depicted. 
The general histological picture presented by 
this stage is one of gradual encroachment on 
the part of a highly sensitive epithelium in its 
purpose of covering an area still smarting 
from the recent attack by a severe irritant, 
which has been checked by proliferation of 
columnar epithelium. 

This epithelial encroachment is made as the 
result of new cells growing from the basal 
layer of the nearest unaffected squamous 
covering upward toward the adjacent colum- 
nar epithelial surface and lifting this simple 
layer up in lever fashion, thereby gradually 
replacing it. The new squamous covering at 
this stage is only two or three cells in thick- 
ness, but proliferation is seen to take place 
as the advance proceeds until the actual 
growing edge may assume almost a normal 
thickness of say 20 cells. In parts also the 
columnar epithelium becomes overrun and 
the new squamous cells encroach partially or 
wholly into the glandular downgrowths. 

It is a noticeably constant feature of this 
stage that the tissues immediately beneath 
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the columnar epithelial elements are greatly 
rarefied. This is due to the absorption of the 
products of inflammation which have occu- 
pied this area up to this time. Here and 
there, however, one may discern isolated 
subepithelial situations which are still under 
the influence of the inflammatory irritant. 
These are not covered by new squamous 
cells. The growing edge proliferates actively 
from its basal layers on approaching such a 
situation and ends as a bulbous mass exhibit- 
ing cellular downgrowths of varying extent 
according to the degree of irritation expe- 
rienced. The gradual, cautious, and timid 
advance of these cells is well exemplified in 
the early stages of their repair work. Only 
where the ground is safe will they venture. 
Their proliferation by cell division, with the 
formation of a more rounded, almost hex- 
agonal type of cell possessing a deeper stain- 
ing nucleus and cytoplasm—altogether a less 
stable type of cell—in situations that have 
relatively little effect upon the columnar 
epithelial elements, is remarkable. (Fig. 6.) 

To recapitulate then: the salient histological 
features of this stage are: (1) the irregular, 
relatively thin strips of new squamous 
epithelium on the affected surface encroach- 
ing on to the area covered by columnar 
epithelium; (2) the rarefaction of the denser 
subepithelial tissues; (3) the almost total 
disappearance of inflammatory reaction; and 
(4) the relatively deep penetration of the 
glandular downgrowths which, however, show 
little or no dilatation as yet. 

Figure 7 also shows this stage. The glands 
here have penetrated deeply, a fact from 
which one may gauge the age of the condition. 
The superficial areas are rarefied, but al- 
though new squamous epithelium has ap- 
peared on the surface there is no dilatation of 
the lumina of the glands. It will be noticed 
that here there is practically no evidence of 
irritation. The new squamous epithelium 
has been able to effect its work of resurfacing 
the portio without interference. There have 
not even been any temporary difficulties to 
overcome in this respect, as is evinced by the 
absence of cellular downgrowths from the 
deeper layers of this new covering. 

Now with regard to Stage 3, one often 
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observes that this initial attempt to heal is 
thwarted as the result of surface infection 
being locally too irritant to admit of new 
squamous cell encroachment. It is obvious 
that the attempt to recover the portio by 
new squamous epithelium is begun as soon 
as the irritability of the causal agent has 
dropped to a certain degree in the neighbor- 
hood of unaffected squamous epithelium, 
compatible with the ascendancy of new cells 
which would emanate from it. As I have 
before explained, this level is of necessity 
very low as the new squamous cells are 
unable to tolerate the effects of irritation in 
any amount without proliferative activity. 
The growing edge of the new epithelium, 
therefore, often encounters a point at which 
the surface irritation is still too active to 
tolerate its presence, with the result that 
further advance is prevented and the further- 
most cells of the new epithelial covering 
proliferate into a bulbous end in response to 
the irritation experienced on approaching the 
vicinity of this area, this notwithstanding 
the fact that new columnar epithelium, 
proliferated from the old cervical lining, is in 
actual contact with the inflammatory zone, 
engaged in fighting down its destructive 
effects. Here is a proof of the relative sta- 
bility of columnar epithelium as compared 
with the squamous type of this region. The 
further advance of the new squamous cells is 
prevented until subsidence of the irritation 
has reached the necessary point for tolerance. 


STAGE 4. THE STAGE OF ULTIMATE HEALING 


The fourth stage is that at which complete 
ascendancy has been gained over the surface 
tissues by the new epithelial covering. From 
what I have just said it will be realized that 
this phase may not be completed without 
some temporary setbacks being experienced 
by this epithelium. We, therefore, see many 
cases in which ultimate success has been won 
in the process of healing at the expense of 
localized proliferative downgrowths of these 
cells. Occasionally one may even still observe 
the fading effects of localized irritative ob- 
stacles in the association of scattered infil- 
trative areas connected with the basal cells of 
these downgrowths. 
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New surface 


lig. 7. Stage 3, slightly more advanced. 
epithelium with greater continuity but relatively thin. 


Rarefaction of surface tissues. Deep glandular penetra- 
tion. Great diminution of inflammatory reaction. Little 
dilatation of glands. 


This phenomenon of healing in the presence 
of irritation is extremely interesting histo- 
logically and accounts for numerous appear- 
ances resulting from cell behaviors which 
have a bearing upon the cancer problem. 

It is sufficient at this moment, however, to 
exemplify my meaning by referring to Figure 
8 which shows this aspect of Stage 4. It will 
be seen that the new epithelium exhibits 
isolated downgrowths as the result of pro- 
liferation of the cells of its deeper layers—a 
responsive reaction to the experience of an 
irritant of low degree. 

Irritations, or low grade infections, such as 
these, however, are as a rule not sufficient 
permanently to stay the advance of the heal- 
ing cells, relatively simple as this is, and in 
many cases the only evidence that such a 
temporary difficulty has occurred at all is the 
presence of one or more cellular downgrowths 
from an otherwise evenly based squamous 
covering. 

In Figure 8 one may observe the difficulty 
experienced by the new squamous epithelium 
in performing its function, but it has ob- 
viously succeeded in this, notwithstanding 
the continued presence of some irritant 
probably of an infective nature. At one 
point the squamous cells have had recourse 
to proliferation resulting in a marked increase 
in the number of layers of cells. In this 
situation the chronic irritation is still evi- 





Fig. 8. Stage 4. Ultimate healing has taken place in 
the presence of localized irritation which is due to isolated 
irritative foci. There are epithelial downgrowths from 
the deeper layers. Dilatation of glands beneath epithe- 
lium. 


denced by a round cell infiltration in associa- 
tion with the deepest layers of the epithelial 
cells from which it is also plain that the 
proliferation originates. 

In this section there are irregular cellular 
downgrowths along the whole length of the 
epithelial covering, and it is everywhere 
noticeable that the deepest and most active 
are in association with areas of scattered 
round cell infiltration, an irritation of poor 
degree but sufficient to call for the reactive 
changes in these new cells. 

This stage is characterized by the presence 
of dilated gland spaces situated beneath the 
new covering, the result of mechanical 
blocking of their ducts by the squamous cells. 
Here and there the new cells can be seen to 
have grown wholly or partially down into 
the lumen of glandular structures opening 
freely on to the surface. 

The histological appearances presented 
by Stage 4 may therefore differ in a variety of 
minor ways according to the type of cellular 
reaction present. 

In some cases complete healing has ob- 
viously taken place with no difficulty on the 
part of the new epithelium. The primary 
infection has apparently subsided evenly and 
quickly. This is evinced by a uniform and 
relatively thin layer of squamous cells cover- 
ing the old erosion area, which now appears 
as a mass of scattered glandular structures, 
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Fig. 9. Stage 4. A healed erosion. Healing on the 
part of new squamous epithelium with no difficulty in the 
absence of surface irritation. 


varying in degrees of dilatation and situated 
at varying depths below the surface amongst 
rarefied tissues. 

ligure g shows this appearance well. This 
is the state commonly known as a healed 
erosion. Here the process has been relatively 
simple. The irritant responsible for the pri- 
mary erosion has subsided and only minute 
traces remain. The new squamous cells have 
been able to perform their function without 
molestation. ‘There are no proliferative down- 
growths either into the subjacent tissues or 
into the surface glands, the ducts of which, 
however, have nevertheless been efficiently 
occluded by means of the thin overgrowths 
of cells. 

In describing the histological characters of 
cervical erosion as they have appeared to me 
in studying my series of cases, I have pro- 
pounded little that is at variance in any way 
with the accepted views of this condition. 
The authors indicated in my historical note 
record appearances very similar to those 
that I have described. 

I have, however, studied this question, not 
as a finite state in itself, but as an important 
preliminary aspect of the development of 
cancer in this situation. As I have said else- 
where, I believe the cervix uteri to be the 
organ of the body in which the study of cancer 
growth can best be investigated, and as a 
means to this end I have preferred to carry 
out a systematic inquiry into the pathology 
of a condition which all must recognize as a 
precursor of that state. 
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Fig. 10. Ulcerative erosion involving the external os. 
A depressed granular area. Irritative epithelial down- 
growths. 


In the process of this investigation I have, 
of necessity, acquired certain views upon the 
condition of cervical erosion which I will 
summarize in due course. Of these views, 
however, I must now indicate one in order to 
complete this description. It is to the effect 
that I believe a condition of ulcerative erosion 
or true erosion to be pathologically akin to 
the erosion already described and therefore 
to be a condition which should be classified 
together with its allied state. 

This condition is entirely distinct patho- 
logically from that just described. It never- 
theless constitutes an erosion, a true erosion, 
of the cervix and is commonly met with 
clinically. The type of cervix seen to be 
chiefly affected is the hypertrophied, lacer- 
ated, and cicatricial one of the multipara. 
Such a cervix is often observed to be the seat 
of a chronic ulcerative condition whereby the 
affected area becomes definitely depressed 
below the level of the surrounding epithelium 
of the portio. This ulceration may or may 
not involve the area of the external os, but 
most frequently does. 

The gross appearance reveals an irregu- 
larly outlined, depressed, and granular area, 
smooth and discolored to a reddish yellow by 
the surface exudates, partly or wholly in- 
volving the portio in the region of the ex- 
ternal os, which itself is usually heavily 
distorted by lacerations and scars. 

Plate 1, C, indicates the gross appearances 
of this erosion, which appears, even to the 
naked eye, as a destructive lesion, a true 











lig. 11, left. 
Note that the demarcation is very definite. 
Fig. 12. Retrogression of ulcerative activity. Shallow 


A discrete chronic ulcer of the cervix. 


erosion and distinct pathologically though 
linked clinically with the erosions hitherto 
discussed. 

Ulceration of the cervix may not com- 
pletely involve the region of the external os. 
Indeed, in some instances this area is not 
affected at all, the ulcer in these cases remain- 
ing discrete and located to the surface epi- 
thelium of the portio. 

Plate 1, D, shows this type of ulceration. 

It is rare, however, to find the external os 
completely free from involvement, but readily 
understandable that this virulent form of 
irritation may be occasionally detected in 
this phase before extension from a primary 
focus on the portio has taken place sufficiently 
to envelope it. 

My series shows instances of this ulcerative 
erosion, and I have remarked it as a relatively 
common condition in association with the 
damaged and hypertrophied cervix usually 
removed during the operation for uterine 
prolapse. 

The salient features of the gross aspect of 
this condition, which definitely differentiate 
it from proliferative erosions, are: (1) the 
depressed nature of the affected area, (2) the 
overhanging epithelial edges in immediate 
contact, and (3) the smooth granular surface 
coated with chronic exudative material. 

Histologically this state presents a very 
characteristic appearance. The surface of the 
affected area is entirely denuded of epithelium 


granulation area—no penetration. Blunt epithelial down 
growths containing a large percentage of old cells. Com- 
mencing proliferation of cervical glandular elements. 


and is composed of a mass of granulation 
tissue exhibiting varying degrees of organiza- 
tion. The actual surface elements are rela- 
tively dense and penetrate to approximately 
the depth of normal epithelium. A_ highly 
hemorrhagic zone lies immediately beneath 
the surface granulation and below this the 
tissues are infiltrated to varying depths by 
masses of lymphocytes, leucocytes, and mac- 
erated epithelial cells, according to the degree 
of activity of the irritant present. ‘The causa- 
tive agent is obviously of such a virulence as 
absolutely to negative any attempt at healing 
on the part of the adjacent epithelium. Even 
the glandular elements of the cervical canal 
are unablé to encroach within this area. 
Epithelial tissue is unable to exist in associa- 
tion with this virulent and deeply destructive 
irritant. 

In the early stages of proliferative erosion 
we saw the rapid and wholesale destruction 
of the surface epithelium, followed by healing 
as the patient’s resistance successfully com- 
bated the attack. Here it is apparent that 
the process is a more continued one, the 
irritation continuing to chronicity, with 
failure of the healing process. ‘The areas 
adjacent to the normal epithelium contain 
masses of half destroyed and macerated 
squamous cells. However, in active ulcera- 
tion there is no subsidence on the part of 
the irritant, no rarefaction of the subjacent 
tissues due to absorption of inflammatory 
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Fig. 13. Commencing healing of old ulcer. A single 
short layer of columnar cells on the surface of the ulcer. 


exudates, no healing. The only cellular reac- 
tion discernible, and this is so constant as to 
be typical, consists of a series of irritative 
downgrowths from the deeper layers of the 
adjacent surface epithelium. This is due to 
the spread of the irritant beneath the surface 
of the epithelium radially from the central 
focus, and its continued action upon the 
adjacent epithelial cells. Lymphocytic and 
leucocytic infiltration can be seen in contact 
with these epithelial downgrowths, which, of 
course, are totally inadequate from a healing 
point of view, but as one would expect, repre- 
sent on the part of the highly sensitive basal 
cells of the squamous layer a typical reaction 
to chronic irritation. Indeed, partial or total 
destruction of many of these cells takes place 
concurrent with proliferation. This fact can 
be observed in the scattered masses of dis- 
integrated squamous cells lying in intimate 
contact with the proliferative downgrowths, 
in cases in which the virulence of the infection 
continues. 

An ulcerative erosion, therefore, may be 
recognized histologically by its salient fea- 
tures which are (1) a depressed granulomatous 
area extending deeply into the subjacent tis- 
sues, presenting a relatively dense structure 
and containing no epithelial structures, and 
(2) associated with a highly irritative type of 
adjacent squamous epithelium, due to in- 
effective proliferative downgrowths from the 
basal layers. 

Figure 10 shows ulcerative erosion involv- 


ing the external os and demonstrates the type 
of adjacent epithelium found in association 
with this condition. 

In these cases in which the ulcerative state 
is localized to the portio, the demarcation is 
very definite, the depressed nature of the 
lesion is very obvious, and the chronicity 
well marked. 

Figure 11 shows an example of this class of 
discrete ulcer, of which of course there may 
be various sizes and shapes. 

By an ‘active ulcer,” I mean an ulcer 
which is the site of an irritation which is 
continuous in such virulence as to bring 
about increasing loss of normal tissue while 
presenting all the histological characteristics 
of acute irritation. In such a case there is 
nowhere any evidence of subsidence on the 
part of the causative agent. This, however, 
does eventually occur in certain cases, but in 
the type of patient whose resistance is such 
as to tolerate ulceration or maybe on account 
of the extreme virulence of the agent con- 
cerned, the retrogressive process is neces- 
sarily slow. One does, however, observe the 
more chronic, less “active” type of ulcer which 
presents the appearance associated with 
gradual absorption of the old inflammatory 
products and cessation of penetration. 

Figure 12 demonstrates this type well. 
Here the virulence of the causal agent is 
lessened to a point at which the patient’s 
resistance can effect a cure by healing. In 
such a case one sees that the exudates are 
confined much more to the surface, and that 
a rarefied zone lies immediately beneath, 
indicative of absorption of the erstwhile 
penetrative elements. Moreover, the ad- 
jacent squamous epithelium is unaffected by 
immediate leucocytic infiltration, the sub- 
epithelial tissues being again rarefied and the 
cellular downgrowths being now blunter at 
their points and containing a large percentage 
of older cells. 

At a later stage, when the irritant has been 
slowly overcome and the ulcer has become 
more or less dormant, one may observe the 
first attempts to repair the wounded surface. 
This is, as usual, undertaken by columnar 
epithelium, a further proof of the resistant 
nature of this type of cell. 
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Figure 13 shows an old dormant ulcer 
allowing itself to be healed by a single layer 
of columnar cells which have appeared on its 
surface. These have undoubtedly emanated 
from cervical epithelium which has_pro- 
liferated to the vicinity. 

By this time, however, there is definite 
loss of tissue so that a completely healed 
ulcer is essentially a depressed scar. 

Ulcerative erosion differs only from the 
proliferative type in that the primary destruc- 
tive agent is of greater virulence, that is, 
relative to the patient’s powers of resistance. 
Whereas in the one case the invader is rapidly 
expelled and healing is effected without 
appreciable loss of tissue, in the other the 
process is delayed at the price of tissue loss; 
epithelium in the vicinity reacting to irrita- 
tion while being inadequate to cope with the 
prolonged attack. The lesion produced, 
ulcerative or proliferative erosion, varies 
directly as the relative strength of the irritant 
or inversely as the degree of resistance of the 
patient to it. In this way only can a localized 
irritation attain to chronicity. The lesions 
are therefore essentially the same from an 
etiological standpoint and should be classified 
on the same pathological basis. 


SUMMARY 


In this part of my work I have attempted 
to describe in some detail the pathology of 
so called erosion of the cervix. As I have 
said elsewhere, my object in doing this has 
been to elucidate a subject in all its phases, 
which is recognized to be a definite stepping 
stone in the production of cancer. I consider 
that it is only by tracing the life history of 
erosion step by step, that one may acquire 
the necessary knowledge of associated cellular 
changes that is essential in the study of its 
all important sequel. To this end, therefore, 
I have extracted the necessary details from 
my series of 850 specimens which have gone 
to the formation of, I fear, a somewhat pro- 
longed and labored dissertation. 

In summarizing this part of my subject, I 
am unable to resist joining with many 
previous authors in an attack upon the old 
nomenclature. The term “erosion” is an 
entirely erroneous one in this connection from 
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the pathological standpoint. This term was 
primarily applied as a facile description of 
the gross appearance of certain aspects of 
the condition only, purely a clinical nickname, 
instituted in the days when the science of 
morbid anatomy, as applied to gynecology, 
was by no means as advanced as it is today, 
and in any case, as a clinical term contrary 
to the laws of medical terminology today, 
founded as it is upon a pathological basis. 
The pathology of this condition determines 
its etiology from an infective or irritative 
source, and of these two I have no doubt that 
the former is a correct assumption. In either 
case, however, a typical inflammatory reac- 
tion of some degree is always in association 
and therefore the term cervicitis is the only 
applicable one. 

Now we know that infection limited to the 
cervical glands results in an appearance 
differing from that under discussion, hence 
necessitating a distinct nomenclature. Also 
Moench definitely states the congenital origin 
of certain erosions seen in the virgin and 
assigns to them the term congenital pseudo- 
erosion. In this connection I would say that 
cases of this type, in which one could definitely 
dissociate the element of infection histo- 
logically, must be very rare. In my series I 
have only 3 specimens of the virgin cervix in 
which there can be no question of infection. 
A definite erosion is not present in any. How- 
ever, I do not dispute the view held by 
Moench. My own is that this class is a very 
minor one. 

I would, therefore, assert that the correct 
nomenclature in the group of cases hitherto 
known as proliferative erosion is peri-oricular 
cervicitis; that the ulcerative erosion which I 
have described should be termed «lcerative 
cervicitis; and that infection limited to the 
cervical glands is properly termed glandular 
cervicilis. 

Broadly speaking, this lesion (erosion) is 
produced by the effect of the inflammatory 
reaction, locally applied in the region of the 
external cervical os, for varying lengths of 
time; and the reaction of the involved tissues 
to it. A temporary attack, or one the viru- 
lence of which is quickly combated by the 
patient’s resistance, results in a temporary 








532 SURGERY, GYNECOLOGY AND OBSTETRICS 


primary destructive phase (Stage 1), which 
represents a true erosion of the normal sur- 
face, followed by epithelial reactive activities 
progressing to healing (Stages 2, 3, 4, 5). An 
attack of greater virulence or one of which is 
relatively weakly combated by the patient’s 
powers of resistance results in a prolonged 
battle between the invasive element and the 
involved tissues. The resistance is slow. 
The virulence of the invader is but slowly 
overcome. Loss of tissue combined with 
penetration of the irritant is concurrent with 
organization of the exudates and the atten- 
uation of the causal agent. A state of chron- 
icity exists, which is represented by a typ- 
ical appearance and is attended by typical 
epithelial reactions, ulceration. ‘This state, 
that of ulceration, represents true erosion of 
the normal tissue surface, as also does the 
temporary Stage 1 of the proliferative type. 
These two conditions then might truly be 
spoken of as erosions, if necessary, although 
the term from a scientific point of view re- 
mains crude. 

I will have failed in my purpose if I have 
been unable to convey the impression of 
histological accuracy in the -discussion of 
this subject just concluded. It has been 
toward a thorough understanding of the 
tissue reactions concerned in cervical erosion 
that I have concentrated in my study of this 
condition, and to that end I have preferred 
to trace its histological life history step by 
step. At this stage, therefore, the various 
aspects of erosion in all its phases, its degrees, 
its associated cellular activities (which I 
shall speak of later), its histological eccentrici- 
ties almost, are now understood as the result 
of this routine examination. The ultimate 
sequel to erosion is malignancy, but there is 
the phase between these two which must be 


bridged——the pre-malignant phase which must 
contain the primary malignant reactions. In 
this work I have aimed at the recognition be- 
yond doubt of these earliest manifestations 
of cancerous change, in the hope that some 
light may thereby be thrown upon the origin 
of this disease. 
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ANNULAR PANCREAS'! 


NELSON J. HOWARD, M.D., San FRANcIscO, CALIFORNIA 


YYNHE term “annular pancreas” is ap- 
plied to a developmental anomaly in 
which a firm ring of pancreatic tissue 

completely encircles the first part of the 

descending portion of the duodenum. It has 

a clinical as well as a morphological sig- 

nificance. 

Becourt in 1830 first recorded this anomaly. 
Moyse, Ecker, Tiedeman, and Auberg have 
described the condition, Ecker being the first 
to apply the name ring or annular pancreas 
to the unusual finding. Symington, Gener- 
sich, Thieken, Thatcher, and Summa have 
also contributed to our knowledge of the 
structure and anatomical relations of the 
annular pancreas, and its embryological de- 
velopment has been studied by Baldwin, 
Lecco, and Cordes. 

At an early period in the human embryo, 
two outgrowths develop from the alimentary 
canal; one projecting dorsally in the dorsal 
mesentery and the other arising in common 
with the choledochus ventral to the primitive 
alimentary canal. This ventral pancreatic 
anlage has two offshoots, a right and a left, 
although the latter soon disappears. ‘Through 
the rotation of the duodenum about its axis, 
the dorsal and the ventral anlagen approach 
each other and fuse, so that they lie behind and 
to the left of the duodenum. 

The dorsal anlage develops to form the 
body and tail of the pancreas which lies 
transversely in the abdomen behind the 
stomach, while the ventral anlage grows to 
become the caudal part of the head of the 
pancreas which is enclosed within the duode- 
nal loop. At the fusion of the dorsal and 
ventral anlagen an anastomosis between the 
ducts of the two portions of the embryonic 
pancreas occurs, and although the ventral 
anlage forms eventually only a small part of 
the gland, the duct of the ventral anlage be- 
comes the main pancreatic duct or duct of 
Wirsung, while the duct of the dorsal anlage 
becomes the accessory pancreatic duct of 
Santorini (Fig. 2). 


It was Thieken who first suggested: ‘‘If 
the ventral and dorsal anlage of the pancreas 
did not unite as they ordinarily do, but each 
developed independently, there would be 
pancreatic tissue on either side of the intes- 
tine, and, as growth proceeded, the bowel 
would soon be completely surrounded by 
glandular tissue.’ Shortly thereafter, Baldwin 
described a specimen of adult human pan- 
creas showing non-fusion of the primitive 
dorsal and ventral anlagen of the pancreas, 
together with an insufficient rotation of the 
ventral anlage around the duodenum. He was 
fortunate also, while studying a series of 
adult human pancreas, in discovering one 
specimen of annular pancreas. In a careful 
study of this case of annular pancreas he 
found in the head of the pancreas the be- 
ginning of a duct which formed no connection 
with the accessory pancreatic duct but which 
coursed from left to right with increasing 
caliber ventrally through the ring of pan- 
creatic tissue surrounding the duodenum to 
the head of the gland posteriorly, where it 
passed dorsal to the common bile duct and 
opened into the main pancreatic duct. This 
fact indicated to him that the ring of pan- 
creas encircling the duodenum was a per- 
sistence of the left half of the ventral anlage 
or an excessive growth of the right half of the 
same anlage. 

In a most precise and exhausting study of 
two specimens of annular pancreas, Lecco 
utilized the embryological development of 
the pancreatic ducts to determine the mode 
of origin of the annular pancreas. According 
to Lecco the annular pancreas differs from 
the normal gland in possessing a portion which 
arises from the dorsal portion of the head of 
the adult pancreas and encircles the duode- 
num. ‘The arrangement of the ducts of the 
annular pancreas is similar to that of the 
normal pancreas, and the smaller variations of 
arrangement occurring in the annular pan- 
creas find a parallel in almost identical varia- 
tions in the normal pancreatic ducts (Fig. 3). 


1From the Department of Surgery, Stanford University Medical School. 
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Vig. 1. Annular pancreas, author’s case. The peri- 
toneum has been stripped away, the transverse colon 
pushed down to expose the second portion of the duodenum 
and the constricting annular pancreas. During the opera- 
tion the patient strained under light anesthesia causing 
the stomach and duodenum to fill with air and the dilated 
proximal duodenum ballooned out to the right producing 
the diverticulum which is shown in the gastric roentgeno- 
gram. S., Stomach; L., liver; D., duodenum; P., pancreas; 
R.P., annular pancreas; 7.C., transverse colon. Dotted 
line, extent of diverticulum. 


Lecco shows in his illustrations that the 
annular pancreas owes its origin to an anom- 
aly of the ventral pancreatic anlage (Figs. 
4 and 5). Elizabeth Cordes described a case 
of annular pancreas that differed from those 
previously cited by having no communication 
between the branches of the ducts of Wirsung 
and Santorini, both of which opened by 
separate ampulla into the duodenum. She 
also concluded that the annular pancreas 
arose as an abnormality of development of 
the ventral pancreatic anlage (Fig. 6). 
Anomalies of development have decided 
clinical interest, particularly when they inter- 
fere with normal function. Of 11 cases of 
annular pancreas, which were accurately 
described or in which careful drawings were 
published, 10 showed a constriction of the 
duodenum at the level of the pancreatic ring. 
In the remaining case, described by Cordes, 
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there was a small duodenal diverticulum on 
the medial side of the duodenum between the 
orifices of the common bile duct and the duct 
of Santorini. In one case, that of an infant 
3 days old, there was atresia of the duodenum. 
The duodenum was dilated above the ring in 9 
cases, while in 3 specimens there was dilatation 
below the ring as well, a phenomenon which 
calls to mind the dilatation of an artery be- 
yond a partial constriction. ‘The stomach 
was moderately or markedly dilated in 4 cases, 
and the pylorus was hypertrophied. Three 
cases presented pathological changes in the 
parenchyma of the pancreas which was defi- 
nitely hard and indurated in 2 instances due 
to an interstitial pancreatitis, and in the 
other there was an acute pancreatitis second- 
ary to a generalized sepsis. One patient was 
found to have two ulcers on the posterior 
wall of the hugely dilated stomach. 

One case was unusual in that the ampulla of 
Vater opened 5 centimeters below the con- 
stricting ring. In 20 reported cases, jaundice 
and interference with biliary outflow was 
lacking. Of the 20 reported cases, 16 were 
first noted at autopsy or during anatomical 
dissection, and no clinical history is available 
except in the report of Thieken. His patient 
suffered from cardiac disease and the history 
indicated that there had been no gastric 
symptoms, in spite of a hugely distended 
duodenum and stomach as disclosed at 
autopsy. 

The cases of annular pancreas which were 
operated upon manifested symptoms of high 
acute intestinal obstruction, or of pyloric 
occlusion, and showed strikingly the variable 
extent of the constriction. In one instance 
acute symptoms occurred immediately after 
birth, while in the remaining cases gastro- 
intestinal disturbances were in abeyance from 
10 to 47 years before the gradual dilatation 
and hypertrophy of the duodenum and stom- 
ach above the constriction or acute inflam- 
matory changes in the pancreas itself resulted 
in marked disturbances of the function of the 
gastro-intestinal tract. 


CasE 1. Reported by Vidal. A child of 3 days 
had vomited since birth. Meconium had been passed 
and the abdomen was not distended, but attempts 
at feeding provoked almost immediate vomiting of 
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bile stained material, and peristaltic waves in the 
stomach were visible through the lax abdominal 
wall. There was no jaundice. A diagnosis of con- 
genital pyloric stenosis was made, but at operation 
the stomach and pylorus were found to be normal. 
Beyond the pylorus the duodenum was continued 
as a thin white cord, having the size and appearance 
of a goose quill, which could be rolled under one’s 
finger, and which penetrated a hard, irregular 
tumor that proved to be the head of the pancreas. 
The tail and body of the pancreas were normal in 
size and consistency. Below the pancreatic head 
the duodenum quickly regained its normal appear- 
ance. Because of the atresia of the duodenum, a 
posterior gastro-enterostomy was done. The child 
had an uninterrupted convalescence. 

CASE 2. Reported by Reynoldo Dos Santos. A 
young woman, 26 years of age, had suffered from 
stomach trouble since the age of ten. At that time 
epigastric pain after meals with occasional vomiting 
and pyrosis was noticed. The pain was often re- 
lieved by eating. During the last 2 years of her 
illness, the pain and vomiting had become more fre- 
quent and retention of food was present, the vomitus 
occasionally containing food taken several days 
previously. Frequent hematemesis and tarry stools 
appeared and the pain became so severe that even 
water was not tolerated. A diagnosis of duodenal or 
pyloric stenosis with ulceration was made, and at 
operation a posterior gastro-enterostomy was per- 
formed. The patient improved rapidly and was 
eating a soft diet when bilateral pneumonia caused 
her death on the ninth day after the operation. An 
autopsy revealed two ulcers on the posterior wall 
of the stomach, which was greatly dilated, and a 
duodenum which was completely modified in its 
relations. The first portion ascended to the head of 
the pancreas, where it was fixed by a ring of pan- 
creatic tissue, which constricted the duodenum to a 
diameter of 1.5 centimeters. From the postero- 
inferior portion of the pancreatic head there arose a 
prolongation of the gland 1 centimeter thick, which 
completely encircled the duodenum. The entire 
pancreas was distinctly lobulated and hard to palpa- 
tion and a microscopic section showed a chronic 
interstitial pancreatitis. The gall bladder and ducts 
were normal. 

CAsE 3. Benedetti reports an interesting case of 
annular pancreas in an Italian soldier, who died with 
symptoms of acute intestinal obstruction, which had 
developed in the course of severe sepsis due to 
shrapnel wounds. At autopsy the obstruction was 
found to be due to compression of the duodenum by 
a ring of pancreatic tissue which was swollen and 
cedematous. The stomach was so dilated that its 
greater curvature descended three fingers breadths 
below the umbilicus. It was filled with fluid, which 
could not be forced through the duodenum, but on 
releasing the pancreatic ring the stomach emptied 
readily into the small bowel. Benedetti mentions 
that Lerat, in a case of high intestinal obstruction, 
made a pre-operative diagnosis of annular pancreas 
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and at operation this was found to have caused sud- 
den obstruction due to acute inflammatory changes 
in the pancreas. 


These 3 previously reported cases which 
came to surgical intervention were operated 
upon because of symptoms of acute intestinal 
obstruction. The case we wish to record, 
Case 4, manifested the symptoms of chronic 
duodenal ileus or obstruction as described 
by Higgins and by Wilkie. 


A female, aged 46 years, single, was admitted to 
Lane Hospital, April 21, 1928, complaining of ab- 
dominal pain of 2 weeks’ duration. The patient’s 
past history revealed that in April, 1922, she had 
been admitted to the Stanford Clinic with a com- 
plaint of continuous headache and pressure upon 
the top of her head severe enough to cause in- 
somnia. These symptoms had been present since 
May, 1921. Her teeth had been extracted and a 
nasal operation had been performed at another clinic 
without benefit. No history of nausea or vomiting 
was obtained at that time, but the patient stated 
that her stomach was easily upset by unpleasant 
sights or odors. Her appetite had always been very 
poor and she did not enjoy eating. 

A physical examination revealed no unusual find- 
ings. During the examination the patient stated 
she often felt a dragging sensation in the left lower 
abdomen. She was found to have a refractive visual 
error, which was corrected by glasses. Wassermann 
reaction was negative. A spinal puncture revealed 
no abnormal findings in the cerebrospinal fluid. 
Her basal metabolic rate was at the low limit of 
normal. Following an examination of the nose and 
throat, in which there was found crusting in the 
ethmoid region and a marked discharge of purulent 
material from the posterior nasopharynx, a ton- 
sillectomy, re-opening of the ethmoid cells, and wash- 
ing of both antra were performed, but without re- 
lief. Six injections of autogenous vaccines made from 
nasal washings were ineffectual in relieving her 
symptoms. In 1923, the patient was given a series 
of treatments with ovarian extract without benefit. 

The patient returned to the Stanford Clinic 
April 20, 1928, with an entirely new complaint, 
namely, that of an acute pain in the right lower 
quadrant of the abdomen, of 2 weeks’ duration, not 
related to eating, defecation, or menstruation. The 
pain varied in intensity from sharp to dull, did not 
radiate, and was localized 2 inches to the right of 
the midline and 2 inches below the umbilicus. ‘Tem- 
perature on admission was 37.2 degrees C., pulse 80, 
respiration 20, and blood pressure 130 systolic, 86 
diastolic. The head, neck, and chest appeared 
normal on examination. The abdomen was mod 
erately distended, with no muscle spasm, but with 
the definite area of tenderness noted above. No 
masses could be felt and the liver, spleen, and kid- 
neys could not be palpated. Vaginal examination 
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The ventral pancreatic anlage, p.v., migrates toward the dorsal pancreatic 


anlage, p.d., to fuse and enclose between them the ductus choledochus, dch. The ducts 
of the ventral and dorsal anlagen anastomose as can be seen in the last figure. Duo- 


denum, D. (After Lecco.) 

was negative. The red blood cells numbered 3,690,- 
000, hemaglobin, 80 per cent (Sahli), white blood 
cells 8,600, with a normal differential count. The 
urine examination was negative. Gastric analysis 
with the alcoholic test meal showed a free hydro- 
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Fig. 3. The upper figure illustrates the arrangement 
of ducts of the normal adult pancreas and their relation- 
ship to the ductus choledochus, dch. The lower figure 
shows the arrangement of the ducts of the annular pan- 
creas and their morphological identity to the correspond- 
ing parts of the upper figure. The lower horizontal duct 
shaded in black, surrounds the duodenum. Both figures 
are viewed from behind. (After Lecco.) 


chloric acid of 19 per cent and a total acidity of 31 
per cent at the highest reading. The stomach con- 
tents varied in color from a slaty grey to a blue grey 
and contained a great deal of mucus. The stool 
examination was negative. A roentgenogram of the 
gastro-intestinal tract showed what appeared to be a 
diverticulum in the second portion of the duodenum. 

The patient was transferred to the out-patient 
clinic for observation and treatment, and given 
tincture of belladonna with some improvement. 
On May 9 she reported that she had an acute pain 
in the right upper quadrant and had vomited bile 
stained material five or six times. A roentgenogram 
of the gall bladder after the administration of 
colloidal tetraiodophthalein by mouth showed a 
normal gall bladder. She was admitted to the 
Surgical Service May 17, 1928, with physical findings 
and laboratory tests as noted above. 

The patient was operated upon May 22, 1928, by 
Dr. Emile Holman. Through a right rectus incision, 
the omentum was seen to run upward and to the 
right around the lateral border of the liver where it 
was adherent to the posterior abdominal wall. 
Dense adhesions between the gall bladder and 
omentum obscured the first part of the duodenum. 
These were gently separated and the gall bladder 
was seen to be moderately enlarged, the overlying 
peritoneum thickened and grey white in color, but 
no stones were palpable. Releasing the adhesions 
to the lower border of the liver permitted palpation 
of the right kidney, which was very freely movable, 
with nodular, apparently fetal lobulations. ‘The 
pylorus and pyloric end of the stomach appeared 
normal. By separating the adhesions and the layers 
of the gastrocolic omentum from the first and upper 
portion of the second part of the duodenum, no 
diverticulum could be found. Continuing the 
separation farther on the second portion of the 
duodenum and releasing it from its peritoneal cov- 
erings, the duodenum appeared dilated, flabby, and 
bluish in color. The head of the pancreas completely 
encircled the duodenum at the midpart of the second 
portion of the duodenum. A large vein ran along 
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Fig. 4. This shows the mode of development of the annular pancreas. The ventral 
pancreatic anlage becomes fixed at its free end and during its subsequent migration 


, with the rotation of the duodenum, the ventral anlage is drawn out, and with the 
a fusion of the two anlagen the pancreas comes to surround the duodenum. (After 
Lecco.) 

y 
iI 
e the upper border of the pancreatic tissue and en- and tied, and the pancreatic tissue gently freed from 
a circled the duodenum. The pancreatic tissue was the duodenum by blunt dissection. This released 
. narrowed to an isthmus about 3 centimeters broad the constriction in the duodenum, so that full two 
it at the lateral anterior wall of the duodenum. At __ fingers could be inserted into the lumen of the bowel 
n this point a small vein left the vein described above by invagination. The divided ends of the duct 
t. and ran downward across the isthmus. Above the were ligated and the stumps of pancreatic tissue 
in ring of pancreatic tissue, the duodenum was fully 6 covered with peritoneal folds. The appendix was 
le centimeters in diameter, while below the ring it was found to be fibrous and white and was removed. The 
m narrowed to a diameter of about 4 centimeters. The pelvic organs were normal except for a small cyst in 
of duodenum was exposed down to the inferior angle the right ovary. 
a of the descending portion of the duodenum and no The postoperative course was characterized by 
1e further abnormality was made out. The duodenum frequent vomiting of bile stained material, abdom- 
us was mobilized so that the ring of pancreas could be inal pain, tenderness, and distention, fever, and 

seen running laterally and posteriorly, gradually rapid pulse. On the fourteenth postoperative day 
yy enlarging from the isthmus till it joined the head of — the patient’s pulse increased to 140; her temperature 
n, the pancreas posteriorly and enlarging also as it was 38.2 degrees C.; respiration, 24; blood pressure, 
ne ran to the left anteriorly to join the head and body 144 systolic, 88 diastolic. The white blood cells 
it of the pancreas. The common bile duct was not numbered 18,750, 81 per cent of which were poly- 
Il. dilated, and it was carefully palpated so that its morphonuclears. The direct Van den Berg reaction 
id position in relation to this anomaly could be fully was positive in 6 minutes, the indirect was three 
n. appreciated. As the patient strained under the units positive, and the icterus index was 16.6. Her 
er anesthetic, the duodenum distended above the — skin and saliva had an icteric yellowish tinge. The 
ng pancreatic ring and overlapped the constriction blood chlorides totalled 400.13 milligrams per 100 
ut anteriorly and to the right, thus forming the di- cubic centimeters. ‘The stool showed many moderate 
ns verticulum seen in the roentgenogram (Fig. 1). sized fat droplets, and urobilin was present. 
on The pancreatic tissue at the isthmus was freed On examination of the abdomen, there was felt for 
le, from the underlying duodenum, the vein clamped _ the first time a tender mass in the right upper quad- 
he doubly, and the isthmus incised. A duct 2 or 3 milli- rant and epigastrium, which did not move with 
ed meters in diameter, which ran through the tissue of respiration, and was dull to percussion. The patient 
TS the isthmus, was divided. Several cubic centimeters was in constant pain, markedly emaciated, and de 
er of clear, slightly green-colored fluid was obtained. hydrated from frequent vomiting in spite of hypo- 
no This later became entirely clear, colorless, and issued dermoclysis and fluid by rectum. 
he from the right end of the incised duct. A probe When the incision was re-opened, free fluid was 
he passed to the right, upward and backward, could be found in the abdominal cavity. The fluid was clear 
yV- felt posterior to the common bile duct and duode- and contained no fibrin. Reaching from the liver 
nd num. When passed to the left anteriorly it could be edge to the level of the umbilicus was a firm mass, 
ely felt as far as the pylorus in an upward and back- enveloped in omentum. When the omentum was 
nd ward direction. The isthmus was cut across, a small separated, a large amount of slightly yellow, turbid 
ng artery running posterior to the duct was clamped __ fluid was evacuated. After all the fluid was aspirated 
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Fig. 5. The annular pancreas is seen from the dorsal 
aspect, producing a marked constriction in the duodenum. 
The lower figure gives the arrangement of the ducts of this 
specimen. (After Lecco.) 


there remained a deep encysted cavity between the 
liver and gastrohepatic omentum above and to the 
left, the lateral abdominal wall to the right, and the 
transverse colon and omentum below. The head of 
the pancreas was seen as a greyish, reddened mass, 
indurated, and with distinct lobulations on its sur- 
face. The duodenum was not constricted, and there 
was no obstruction to the lumen of the bowel. The 
body and tail of the pancreas were palpated and 
found normal in consistency and extent. No fat 
necrosis was found. Drainage was _ established 
through a stab wound in the right lateral abdominal 
wall. 

The fluid removed from the abdomen, digested 
starches, fat, and casein, was strongly alkaline with 
a hydrogen-ion concentration of 8.6, and was nega- 
tive for bacterial growth on culture. It was un- 
questionably pancreatic secretion. 

The day following operation, the patient was 
brighter, felt better, and was relieved of abdominal 
pain. There was continuous drainage of a clear, 
odorless, strongly alkaline fluid from the stab wound 
in the right side. The discharge was sufficient, in 
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spite of frequent dressings, to wet the bed clothes 
and mattress. The skin surrounding the wound was 
covered with zinc oxide containing hydrochloric 
acid (10 per cent) and with kaolin, but it was soon 
discovered that the acid dressing excoriated the 
skin, and thereafter zinc oxide and kaolin powder 
provided adequate protection. The amount of 
pancreatic secretion draining from the wound was 
estimated to be between 1,200 and 1,500 cubic centi- 
meters for 24 hours. 

On the eighth day, when the discharge of pan- 
creatic secretion was still profuse, her pulse rate had 
increased to 130 although her temperature remained 
normal. On the tenth day she thrice vomited large 
amounts of undigested food. The vomiting was re- 
peated on the following day in spite of repeated 
gastric lavage. The patient felt hungry and had 
normal bowel movements, there was no distention 
nor tenderness in the abdomen, and no masses were 
felt on palpation. The white cells numbered 17,450, 
with 86 per cent polymorphonuclears. Laboratory 
examination showed a blood urea of 59 milligrams 
per 100 cubic centimeters, a blood chloride of 3096 
milligrams per 1co cubic centimeters, and a carbon 
dioxide combining power of 40 cubic centimeters per 
100 cubic centimeters of plasma. The patient was 
given per rectum 300 cubic centimeters of 5 per 
cent solution of bicarbonate every 4 hours; normal 
salt solution by hypodermoclysis; and 10 per cent 
glucose in normal salt solution intravenously to 
compensate for the loss of chlorides and alkali 
through the draining fistula. 

The intermittent vomiting ceased, the fistula 
stopped draining on the twentieth postoperative day, 
and the patient began to gain rapidly in weight and 
appearance. 

The patient has been seen several times since her 
discharge from the hospital, and 6 months after the 
first operation stated that she is markedly improved. 
She has no abdominal discomforts, has gained in 
weight, and eats well, and although the headaches 
persist, they are much improved. 


The case of annular pancreas here presented 
afiords an opportunity for a number of inter- 
esting observations. The symptoms mani- 
fested first were those attributed by Higgins 
to chronic duodenal ileus, namely: intense 
headaches and an irritable stomach, fol- 
lowed later in the course by vomiting. As 
Higgins states, “The vomiting of large 
amounts of bile stained fluid with evidences 
of retention, especially if associated with 
severe headaches, should arouse a suspicion 
of chronic duodenal ileus.” 

As shown by previous observers, a good 
sized duct always courses anterior to the 
duodenum in the ring of pancreatic tissue. 
In this case the duct was cut across, securely 
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ligated, and the stump covered with pan- 
creatic tissue and with peritoneum, with as 
little trauma as possible. Nevertheless, these 
precautions did not prevent the escape of 
pancreatic fluid and the formation of a 
pseudocyst with walls formed by the abdom- 
inal viscera and omentum, with a severe 
peritoneal irritation as shown by constant 
pain, tenderness, fever, very rapid pulse, and 
leucocytosis. This inflammatory process was 
evidently of a chemical nature as cultures of 
the fluid were negative. The absence of fat 
necrosis at the second operation is most in- 
teresting, doubly so since experiments with 
the fluid showed that it possessed active power 
to digest fat. 

The pancreatic fistula through the stab 
wound of the second operation discharged an 
amazing amount of clear, odorless fluid as the 
patient’s bed clothing was saturated with the 
fluid in spite of frequent changing of drain 
pads by the nurses. At the rate of 12 drops 
per minute from the catheter in the wound, as 
recorded in the progress notes, at least 1,100 
cubic centimeters of fluid was lost a day, and 
to one seeing the seepage from the wound and 
the constant moisture of the dressing, this 
is a conservative estimate. The protection of 
the skin was found to be simple. Zinc oxide 
applied thick and warm, sprinkled with 
kaolin, was sufficient to prevent skin excoria- 
tion. Undoubtedly, the absence of intense 
skin ulceration was due to the absence of 
duodenal secretions, which activates the 
pancreatic trypsinogen. Tryptic activity was 
present in the fluid, however, as digestive 
tests showed complete digestion of 5 cubic 
centimeters of 1 per cent casein by 0.4 cubic 
centimeters of pancreatic fistula fluid in one- 
half hour at 37 degrees C. The amount and 
character of the fluid discharged warrants 
the assumption that the major portion of the 
pancreatic secretion escaped from the fistula 
by retrograde flow through the cut end of the 
duct and in the annular portion of the pan- 
creas. It has been shown by Lecco that this 
duct is a main branch of the duct of Wirsung 
in the ring pancreas. 

During the time that the fistula was drain- 
ing, the patient’s symptoms are also of 
interest. Immediately after the second opera- 
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ventral view. D.P.D., 


Fig. 6. Annular pancreas, 
dorsal pancreatic duct; D.P.V., ventral pancreatic duct; 
Ch., choledochus. (After Cordes.) 


tion she felt much better, her appetite, which 
had been entirely lacking, returned and she 
took fluids readily. During the 8 days that 
the fistula was draining profusely, she began 
to lose flesh visibly, she was constantly 
thirsty, complained of feeling weak and tired 
and upon the tenth day she began to vomit, 
although her appetite was good. Improve- 
ment began at the time of the administration 
of large amounts of fluid containing salt, soda 
bicarbonate, and glucose, with the coincident 
diminished secretion from the fistula. Elman 
found that the total drainage of pancreatic 
secretion in dogs was accompanied by regurgi- 
tation of intestinal contents into the stomach, 
vomiting, rapid emaciation, and death. It is 
suggested that relief of dehydration with main- 
tenance of the chlorides and alkali reserve of 
the body might prolong the survival period of 
such animals. 

The relative infrequency of annular pan- 
creas (Baldwin found 1 specimen in 99 adult 
human bodies examined with reference to the 
structure of the pancreas) prohibits any dis- 
cussion of operative procedures, except to sug- 
gest that duodenojejunostomy, as advised 
by Higgins for chronic duodenal ileus, is the 
operation of choice, since it affords a more 
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complete relief of duodenal stasis than does 
gastro-enterostomy. Furthermore, manipula- 
tion and trauma to the pancreas, which re- 
sulted in such distressing complications in 
this case, are thereby avoided. It may be 
suggested in passing that carcinoma of the 
head of the pancreas, if subjected to palliative 
operation, be treated by gastro-enterostomy 
and cholecystogastrostomy, since the late 
stages of this hopeless condition are accom- 
panied often by protracted nausea and vomit- 
ing. In one of our earlier cases there was com- 
plete gastric stasis with the accompanying 
vomiting and jaundice from pressure of a 
tumor of the head of the pancreas. 


SUMMARY AND CONCLUSION 


1. ‘Twenty cases of annular pancreas have 
been reported in the literature. Four cases 
presented symptoms of high intestinal ob- 
struction. Three were subjected to operation 
for relief of obstruction. 

2. An instance of annular pancreas mani- 
festing the symptoms of chronic duodenal 
ileus is reported. 

3. The operation of releasing the pancreatic 
ring was followed by pseudocyst formation 
and drainage of the cyst resulted in a pan- 
creatic fistula which healed spontaneously. 

4. The metabolic disorders and symptoms 
accompanying the pancreatic fistula were re- 
lieved by the administration of soda bicar- 
bonate by mouth and in rectal instillations, 
and by salt solution beneath the skin and 
intravenously. 

5. This single experience with a very rare 
lesion indicates that rather than attempt a 
division of the abnormal ring of pancreatic 
tissue, it would be better to perform a duode- 
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nojejunostomy, avoiding thereby a possible 
pancreatic cyst or pancreatic fistula. 
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THE MECHANISM CONTROLLING 


MIGRATION OF THE OMENTUM 


C, BRYANT SCHUTZ, M.D., Kansas City, Missour! 


HE most important function of the 

omentum is to localize foci of peritoneal 

irritation. In performing this function 
the efficiency of the omentum depends, to a 
large extent, upon its ability to migrate to, 
and surround such, foci. 

Of the many attempts that have been made 
to explain the mechanism controlling this 
migration, few have anything but fancy upon 
which to base their assumptions. Adami’s 
theory that migration is caused by gravity, 
though often quoted, has long since been dis- 
carded. Fisher believes that migration is 
brought about by intestinal peristalsis. It 
has been pointed out, however, that the 
greatest movement of the omentum occurs 
after it has become infiltrated, and it is then 
so rigid that intestinal movements slide be- 
neath it without producing any change in its 
position. 

Hertzler believes that the chemotactic 
attraction between the area of irritation and 
the leucocytes contained in the infiltrated 
omentum incidentally pulls the omentum to 
the irritant focus. Among other things, he 
made the interesting observation that small 
pieces of corn pith placed free in the abdom- 
inal cavity become covered with leucocytes 
and, in a number of instances, are later found 
adherent to the abdominal wound—a _ phe- 
nomena difficult to explain unless one assumes 
that the leucocytes attracted to the area of 
irritation (the abdominal wound) incidentally 
pulled the corn pith along with them. The 
theory implies, however, an initial directional 
movement of the omentum, and such is not 
the case. Furthermore, in the experiments 
to be reported the omentum migrated in the 
absence of leucocytic infiltration. However, 
the theory probably does explain certain 
phases of the omentum’s migration. 


ANATOMY 


Briefly, the omentum is a network of blood 
vessels, along the main branches of which 
varying amounts of fat are deposited. Sup- 


porting the blood vessels is a thin, trans- 
parent, and somewhat elastic membrane 
formed by the union of two peritoneal plates 
and containing a delicate meshwork of con- 
nective tissue bearing minute blood vessels. 
These latter vessels are, in the resting omen- 
tum, practically empty. Only in the reacting 
omentum do they actually take on the func- 
tion of blood vessels. They have been aptly 
called “potential” vessels. 

The arterial blood supply arises from 6 to 
8 fair sized branches of the gastro-epiploic 
artery. Near their origin they give off very 
few branches and run a parallel and more or 
less straight course. As they approach the 
periphery of the omentum, their course 
becomes more tortuous and they give off 
many small anastomosing branches which 
divide into the small “potential” vessels 
afore mentioned. 

Both the arteries and veins are but loosely 
attached to the omentum. The veins follow 
the course of the arteries and empty into the 
gastro-epiploic vein. 

In its so called normal position, the omen- 
tum extends from the transverse colon to the 
symphysis pubis below and to or over the 
colon on either side. Seldom, however, even 
in abdomens showing no evidence of disease, 
is it found occupying this position. Its 
peripheral portions are usually crumpled so 
that they do not reach much beyond the 
level of the umbilicus below and scarcely to 
the inner edge of the colon on either side. It 
thus occupies a smaller space than its size 
justifies. The tortuosity of the omental 
arteries is due to this latter fact rather than 
to any definite anatomical structure. 

Above, the omentum is attached to the 
greater curvature of the stomach and to the 
transverse colon; to the left, to the phreno- 
colic and gastrosplenic ligaments; and on the 
right is continuous with the hepatic duodenal 
ligament. Not infrequently it is attached to 
the gall bladder, an attachment often erro- 
neously considered pathologic. 
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REACTION TO IRRITATION 

In the presence of peritoneal irritation, the 
first change in the omentum is generalized 
active hyperemia. This is followed by a 
serous and cellular exudate in its substance 
and on its surface. The vessels lose their 
tortuosity and the omentum gradually spreads 
out in all directions, eventually extending over 
practically the entire lower abdominal cavity. 
When one portion of the omentum comes 
in contact with the focus of irritation, it 
adheres to it. After a variable time adjacent 
portions become adherent to and eventually 
surround the entire area. When localization 
has been completed much of the generalized 
reaction of the omentum subsides and only 
those portions in direct contact with the focus 
retain their high state of reaction. The 
exudate on the surface of the omentum fills 
up and effectually seals any spaces which 
have been left open. The end-result is a 
thick, watertight wall which separates the 
irritant from the rest of the peritoneal 
cavity. 

PURPOSE 

In studying the reaction of the omentum 
to peritoneal irritation, I noted that as the 
arteries became hyperemic much of their 
tortuosity was lost and that coincident with 
this the omentum began its migration. I was 
reminded of seeing a loosely curled garden 
hose tend to straighten and its distal end 
advance when an increased amount of water 
was caused to flow through it. It occurred to 
me that a similar mechanism might explain 
migration of the omentum. That is, as the 
arteries become hyperemic the increased 
blood pressure causes them to straighten out. 
As they straighten all portions of the arteries 
necessarily advance in the general direction 
of the blood flow. The omentum, being 
loosely attached to the arteries, is incidentally 
pulled by them to their advanced position. 


EXPERIMENTS 


To test the principle of this idea, I sewed 
a two foot section of an eighth inch rubber 
tube to an ordinary towel. The towel was 
floated on water and crumpled up until the 
attached tube assumed a tortuous course. 
Water was then injected through the tube. 


Immediately following the injection the 
tube straightened and as it did so advanced 
in the direction of the initial water flow. As 
it advanced it carried the attached towel 
with it. The effect was increased, and much 
less pressure was needed, if the injection was 
done in a manner to simulate arterial pul- 
sation. 


Experiment 1. Under ether anesthesia, a dog’s 
omentum was exposed through a long midline in- 
cision. All the gastric branches and the left end of 
the gastro-epiploic artery were tied off. A solution 
of acacia (of approximately the same specific 
gravity as the dog’s blood) was injected into the 
right gastro-epiploic artery. 

When first exposed the omentum followed, in an 
irregular fashion, the undulations of the intestinal 
loops, in some places resting on the surface of the 
intestines, in others, especially near its free margins, 
dipping into the spaces separating them. The free 
edges of the omentum were, as usual, irregularly 
crumpled. 

Following the injection the smaller, as well as 
the larger, arteries became definitely distended. 
Depressed portions of the omentum rose to the 
surface of the intestines and the whole organ seemed 
to flatten out. The free edges migrated in the 
general direction of their respective blood flow— 
the lateral edges advancing laterally, the lower 
edges moving toward the pelvis. 

Using the tip of the xiphoid as a fixed measuring 
point, the maximum longitudinal migration was 
slightly less than 3 inches. Estimated lateral migra- 
tion was between one-half to three-quarters of an 
inch, 


This experiment was repeated four times 
in different dogs. In each instance similar 
results were obtained. 


Experiment 6. The omentum of a dog was ex- 
posed as before. The arteries to the omentum were 
tied off as in the previous experiments. In addition 
to this three of the omental veins were tied off near 
their entrance into the gastro-epiploic vein. The dog 
was kept under ether anesthesia. 

When first exposed, the omentum occupied 
approximately the same position and had the same 
general appearance as the omentum described. In 
half an hour hyperemia of the omentum had be- 
come definite. As the hyperemia increased the 
arteries, and especially the small anastomosing 
branches, began to lose their tortuosity. With 
abrupt movements the more central portions of the 
omentum began to spread, or flatten out, as in the 
previous experiments. Gradually this extended 
outward toward the periphery. The free edges, the 
lateral as well as the lower, then began an irregular 
advancement. This migration did not occur at the 
same time in all portions; instead one area would 
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suddenly advance for, as near as could be cal- 
culated, one-eighth to one-quarter of an_ inch 
and then suddenly stop. In its advanced position 
it seemed to pull on adjacent portions so that in 
a short time they too moved forward. I got the 
impression that the omentum was lightly stuck to 
the surface of the intestines (perhaps by surface 
tension between the fluid on the surface of the 
omentum and that on the surface of the intestines), 
and that advancement was momentarily resisted by 
thisfactor. At the end of the experiment, when migra- 
tion was no longer noted, the omentum was thickened 
with oedematous fluid and everywhere rested on the 
surface of the intestines. Its lateral edges covered 
the colon on either side and its lower edge had 
migrated into the pelvis. 

Experiment 7. The omentum was removed from 
a woman who had just died from an extra-abdominal 
disease. The left portion and ali gastric branches of 
the gastro-epiploic artery were carefully tied off. 
The omentum was floated on water and its edges 
crumpled as much as possible. Tap water was in- 
jected into the right gastro-epiploic artery. 

Following the injection the omentum spread out 
in all directions. The crumpled edges straightened 
and both lateral and lower edges advanced. As 
long as the pressure was maintained in the artery, 
the edges of the omentum retained their advanced 
positions, but as soon as the pressure was released 
they receded with an abruptness suggestive of an 
elastic recoil. 

This experiment was repeated once with a similar 
result. 

Experiment 9g. ‘Through an upper abdominal 
incision the right gastro-epiploic artery and all its 
omental branches were tied off so as to deprive the 
omentum of blood supply. Through a separate 
incision a pledget of gauze lightly soaked in tur- 
pentine was sewed into the peritoneum in the right 
lower quadrant. Twelve hours later the abdomen 
was opened. 

In the region of the gauze pledget, very marked 
inflammatory reaction was present. Peritoneal fluid 
was increased and peristalsis was hyperactive. The 
omentum, however, despite the hyperperistalsis, had 
not changed its position. 


In these experiments the omentum mi- 
grated when pressure in the omental arteries 
was increased. When the pressure was in- 
creased the arteries lost their tortuosity. As 
they straightened they advanced in the di- 
rection of their initial blood flow. The 
omentum migrated at the same time, in the 
same direction, and to the same extent as 
the arteries. Its migration was independent 
of both leucocytic infiltration and intestinal 
peristalsis. 

The straightening and advancement of 
the omental arteries which occurs when they 





43 


wn 








| 
| 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
! 
! 
| 
| 
| 
| 
' 


Fig. 1. Diagrams showing mechanism controlling migra 
tion of the omentum. 


become hyperemic is purely a mechanical 
phenomenon. As shown by Newton’s second 
law of motion, change of motion (momentum) 
is proportionate to the force applied and 
takes place in the direction, of a straight line, 
in which an applied force acts. It is the dis- 
position of the moving force to continue to 
act in the direction in which it was initiated. 

When the omental arteries, in the presence 
of peritoneal irritation, become hyperemic, 
the momentum, and, therefore, the force, of 
the blood increases. Since the omental 
arteries (Figure 1, first diagram) branch from 
the gastro-epiploic artery, ge, at right angles 
and continue in a straight line for a con- 
siderable distance, the direction of this in- 
creased blood force is initially in the general 
direction of the pelvis. It is the tendency 
of this force to continue in this direction, 
regardless of any obstruction which it may 
meet. 

When, therefore, the force of the blood 
strikes the first tortuosity, a, a’, in an omental 
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artery, it acts in the direction of the arrow, 
f. It has its greatest effect on the area, 7, 
which lies directly in its path. In the quiet 
omentum, since only a minimum amount of 
blood is flowing through the artery, the 
force is not sufficient to affect the position of 
this portion of the artery. In the reacting 
omentum, when hyperwmia causes an in- 
crease in the blood force, area 7 is pushed 
forward. When advancement of 7 becomes 
limited by its attachment to the proximal 
portion of the artery, it moves laterally 
being, as it were, pushed aside by the force 
of the blood. These movements necessarily 
cause straightening and advancement of the 
tortuosity, a, a’. Areas /, k are successively 
subject to the same changes, with the result 
that a, a’ advances to assume the position 
shown in Figure 1, second diagram. Con- 
tinuance of this process causes similar changes 
to occur at 6 and c, so that eventually the 
artery assumes the position shown in third 
diagram. 

This same mechanism controls changes in 
position of the branches of the main arterial 
trunks. For this reason, arteries in all por- 
tions of the omentum share in the advance- 
ment of the larger longitudinal arteries. 

The omentum, which is loosely attached to 
the arteries, is pulled by them to their 
advanced position. Thus migration of the 
omentum is secondary to migration of its 
arteries. 

THE MECHANISM OF 
OF THE 


THE MIGRATION 
OMENTUM 


Migration of the omentum to the focus of 
peritoneal irritation is a blind, mass move- 
ment of the entire organ. It occurs laterally 
as well as longitudinally, regardless of the 
position of the irritant. 

This blind, generalized migration continues 
until one portion of the omentum comes in 
contact with the area of irritation. When 
this occurs, generalized reaction and, there- 
fore, generalized migration ceases. Only 
those portions in direct contact with the area 
of irritation retain their state of reaction, the 
rest of the omentum gradually subsiding to a 
more or less normal state. 
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All activity now becomes centered about 
the area of irritation. Adjacent portions of 
the omentum begin to surround the focus of 
irritation by movements that differ from 
generalized migration in that they are defi- 
nitely directional in character. This direc- 
tional migration continues until all, or prac- 
tically all, of the area of irritation is sur- 
rounded. 

A great deal of this local migration is 
caused by the same mechanism that controls 
generalized migration -the arteries in’ the 
locality retaining their hyperemia and con- 
tinuing their migration. ‘There is reason to 
believe, however, that part of it may be ex- 
plained by Hertzler’s theory that the leu- 
cocytes embedded in the omentum pull it to 
the area of irritation as they move toward 
the latter in response to chemotaxis. 

CONCLUSION 

From the experiments reported, the fol- 
lowing conclusions seem justified: 

1. Migration of the omentum is controlled 
and caused by migration of the omental 
arteries. 

2. Migration of the omental arteries oc- 
curs in the direction of their respective blood 
flow and is caused by increase in the local 
blood force following hyperemia of the 
omental arteries. 

Examination of the anatomy of the omen- 
tum and observation of its changes during 
migration substantiates these conclusions. 
The question as to why the omentum, the 
only function of which seems to be a mechani- 
cal one, i.e., walling off and localization of foci 
of peritoneal irritation, should have such an 
exuberant blood supply may be answered by 
this theory. In this connection it is interest- 
ing to note the resemblance that the structure 
of the omentum bears to erectile tissue and 
to recall the fact that movements of erectile 
tissue are controlled by a mechanism similar 
to that described. 
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HILE it is true that Pravaz, in- 

ventor of the hypodermic syringe, 

as early as 1853 injected into vari- 
cose veins perchloride of iron and that others 
(1 and 18) have used for this purpose many 
coagulating substances, such as alcohol, tinc- 
ture of iodine, Lugol’s solution, and carbolic 
acid, it is only in the past 10 years, mainly 
through the efforts of Linser, Sicard,and NobIl, 
that hypertonic solutions of sodium chloride, 
sodium salicylate, and sugar have replaced 
the coagulating substances and have become 
widely used in the treatment of varicose veins. 
The daily growing literature on this subject 
has been covered in the articles of McPheeters 
and in a previous paper by one of us (6). A 
wave of enthusiasm followed the introduction 
of this simple method, and, as is so often true, 
we find that its use resulted at times in unto- 
ward reactions, necrosis, and even fatalities, 
as summarized by McPheeters and Rise (15). 

Since November 1, 1926, a clinic for the 
treatment of varicose veins has been con- 
ducted at Northwestern University. It has 
been our aim to select the safest and yet 
sufficiently effective solutions for injection, to 
evaluate tests for arterial and venous cir- 
culation, and finally to determine late results 
with the help of a follow-up system. At the 
same time studies have been carried on to 
determine venous pressure and the dioxide and 
carbon dioxide content of the blood in varicose 
veins. These studies have been reported else- 
where (7). 

In this paper we wish to present the meth- 
od of management which has been gradually 
evolved during the course of 3 years -—a meth- 
od based on our experience in a series of 500 
cases in which over three thousand injections 
were made.” 

EXAMINATION OF THE PATIENT 

In the history of the patient, a hereditary 
factor was elicited in 65 per cent. The lack 

2Since the completion of this study, an additional 200 patients have 


been treated. Sufficient time has not elapsed to discuss the end-results 
of their treatment. 


or diminution of elastic tissue as a dominant 
symptom of asthenic constitution has been 
frequently described since the pioneer con- 
tribution of Stiller. Flat feet and bunions 
have been noted in 58 per cent of all cases. 
Curtius has shown remarkable family trees, 
indicating a dominant type of heredity in 
patients afflicted with a “varicose status.”’ 
Such patients may present varicosities of the 
septum and consequent bleeding from the 
nose, small cutaneous nevi, and _ spiderlike 
telangiectases. Often a hypoplasia of the 
entire vascular system including the heart 
may be present. We were frequently im- 
pressed with the vascular fragility of young 
patients afflicted with varicose veins. Such 
patients would develop blue bumps at the 
slightest injury; yet routine determination 
of bleeding time, coagulation time, and plate- 
let counts would fail to detect any changes, 
so that a vascular fragility with lack of elas- 
ticity as a constitutional factor, had to be 
accepted as a cause for the frequent rupture 
of small vessels. A developmental anomaly 
in the variation of the course and length of 
the short saphenous vein has also been given 
consideration (Figs. 1, 2, 3). Kosinski has 
pointed out that the short course of the small 
saphenous vein in man is probably an adapta- 
tion to posture and that the persistence of a 
long course of this vein, either emptying 
into the femoral vein or into the great saphe- 
nous on the thigh, may well explain some of 
the varicosities in the popliteal fossa and some 
abnormal configurations described by dilated 
veins. Sometimes conditions resembling a 
true phlebectasia with multiple cavernous 
sinuses and hypertrophied walls are produced 
(Figs. 4 and 5). 

The first appearance of varicose veins was 
found to be at puberty in 26 per cent of our 
cases. The effect of menstruation on vari- 
cosities was elicited in almost every case. The 
effect of pregnancy on further increase in ve- 
nous pressure is well known. Each subsequent 
pregnancy aggravates the existing dilatations. 


1 From the Department of Surgery, Northwestern University Medical School. 
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Fig. 1. Diagram of a short course of the short saphenous 
vein. (After Kosinski.) 


A history of thrombophlebitis following preg- 
nancy, pelvic operations, or infectious diseases, 
particularly typhoid fever and influenza, has 
been elicited in 10 per cent of all cases coming 
to our clinic. Such a history immediately 
suggests the question of sufficient deep ve 
nous return. ‘Trauma followed by dilated 
veins distal to the injury was found in 21 
cases. Mechanical factors, such as prolonged 
standing as night watchman, as waiter, and 
as laundress were found in 65 per cent. The 
effect of constricting garments was studied in 
a previous communication (7). A_ possible 
elimination of such factors seems desirable. 

In the physical examination of the patient, 
the respiratory and vascular systems deserve 
most attention and in the general examination 
should be included a complete blood count, 
urinalysis, and Wassermann test. Diseases, 
such as gastric ulcer, diabetes, and hyper- 
tension to mention only the most frequent, 
can be treated simultaneously with the veins, 
while other conditions require immediate 
surgical attention and in their presence in- 
jection treatment should be postponed or not 
be undertaken. Hyperthyroidism should be 
treated before any other condition is dealt 
with. Basal metabolism rates should be de- 
termined if hyperthyroidism is suspected 
clinically. In our series 4 cases of hyper- 
thyroidism were found and relieved before 
the treatment of the veins was started. In the 
presence of malignant growths or active 
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tuberculosis, the injection treatment of vari- 
cose veins is not warranted. Acute infectious 
diseases, even acute colds, should be treated 
first. It is impossible to enumerate all possible 
co-existing diseases, but it should be stated 
that the treatment of the veins should never 
precede that of the more urgent conditions. 
This must be emphasized since the injection 
treatment of varicose veins has become a part 
of office practice and since, as the technique 
is so simple, many a practitioner has been 
misled to hasty and unwarranted injections. 

Tests of arterial and venous circulation. 
In a previous communication (7), it has been 
pointed out that in beginning arterial occlu- 
sion of the lower extremities, as seen in senile 
and diabetic gangrene and in thrombo-angiitis 
obliterans, the veins are frequently dilated 
and even inflamed. ‘This is particularly true 
of Buerger’s disease. In this series 6 cases 
were found in which injections had been 
made into the veins of such patients else- 
where. In these cases because of the nature 
of the disease the arterial occlusion will pro 
gress and possibly gangrene will develop; yet 
the patient will attribute the turn for the 
worse to the injections. ‘Therefore, we have 
tried to eliminate such patients from the 
injection treatment, although occasionally 
a well selected case may be benefited by an 
obstruction to the venous return (8). At all 
events patients must be told that their com 
plaints—-the intermittent claudication, the 
cramps in the sole of the foot, so often at- 
tributed to flat feet--are due to poor arterial 
circulation. 

The arterial circulation is estimated first by 
palpating the pulse of the dorsalis pedis, of 
the tibialis postica, and of the popliteal art- 
eries. This estimation is especially important 
if other evidence of peripheral arteriosclerosis 
or if diabetes is*present. ‘The pulsation of the 
arteries of the foot may not be palpable be- 
cause of ankle oedema, induration, scars, or 
ulcers. An X-ray picture of the leg may be 
taken to show calcification of the arteries. If 
the roentgenograms are taken with care and 
the proper technique, the dilated veins will 
also show (Fig. 6). The constriction test 
of Moszkowicz which consists of the observa- 
tion of the reactive hyperemia following 
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lig. 2. Diagram of a long course of the short saphenous 
vein. (After Kosinski.) 


complete arterial obstruction is painful, not 
entirely harmless, and not easily estimated. 
The angle of circulatory insufliciency, as de 
scribed by Buerger, can be tested only when 
there is rubor in the dependent position. In 
the response of the cutaneous vessels to his 
tamine, we have found a simple clinical method 
for testing arterial circulation. Following 
Starr’s brief communication on the subject, 
we have used this test routinely in all patients 
above 50 years of age and also in all patients 
in whom poor arterial circulation was sus- 
pected. 

Histamine acid phosphate in a 1:1000 solu 
tion is used. The solvent is normal saline 
solution. ‘The solution can be kept in the ice- 
box for about 2 weeks without losing its 
potency or it can be kept in sterile ampoules, 
in which it will probably remain stable for a 
long time. A drop of the sterile solution is 
placed on the skin, which has been previously 
gently swabbed with alcohol. The skin should 
not be rubbed too vigorously, otherwise the 
reactive hyperemia may simulate or cover 
the histamine reaction. With a fine hyper 
dermic needle, from 6 to 7 punctures are made 
through the drop of histamine. ‘The needle 
should penetrate the cornified layers of the 
skin, but should not cause any bleeding. 
Normally, as described by Lewis, a triple re- 
sponse ensues: a purple spot at the site of the 
puncture, a wheal superimposed on the purple 
spot, and a red flare around the wheal. ‘The 
red flare is due to an active vasodilation of the 
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Fig. 3. The short saphenous vein empties into the long 
saphenous vein high up on the thigh. 


minute vessels followed by an influx of arterial 
blood. It appears normally in 2!% to 5 minutes 
and increases in intensity up to the fifteenth 
minute. We have discussed elsewhere (7) 
that the delayed appearance or absence of the 
flare means a lack of arterial inflow. A spasm 
or occlusion of the small vessels, which the 
histamine is unable to overcome, may equally 
be factors. 

If such flares are elicited above the knee, 
below the knee, at the middle of the calf, and 
at the ankle, the level of impaired arterial 
inflow can be rapidly determined. The tested 
leg should be kept horizontal, otherwise the 
influx of arterial blood may be influenced by 
posture. A small delay at the ankle, particu- 
larly in older people, may not be called patho- 
logic. The absence of a reaction is always a 
serious sign and patients in this condition 
may be considered to be in a stage of im- 
pending, or at least potential, gangrene (Figs. 
7 and 8). 

The venous circulation is tested mainly in 
regard to an adequate venous return in the 
deep veins. The “milk-leg” following preg- 
nancy, pelvic operations, or infectious dis- 
eases, together with a diffuse hard ccde- 
ma, which appears to be due to lymphatic 
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Fig. 4. 


Fig. 4. Localized phlebectasia above popliteal fossa. 
Not suitable for injection treatment. 

Fig. 5. Low power photomicrograph of veins shown in 
Figure 4. Injection into such multiple sinuses seems futile. 


obstruction, makes the saphenous system in- 
visible, and in such instances injections are 
not only inadvisable but impossible. More 
difficult is the decision as to treatment when 
the swelling gradually diminishes after the 
use of elastic support or paste boots, and the 
veins become visible and are dilated and 
tortuous. Often, following a thrombosis of 
the iliac vein or the vena cava, an extensive 
collateral circulation develops on the anterior 
abdominal wall. These, of course, should be 
left alone. However, if in spite of the tortuous 
veins on the thigh and calf, the ankle is not 
cedematous in the ambulant patient, we can 
be quite sure that the deep venous circulation 
is adequate. The superficial venous system 
with insufficient valves is not functioning 
anyway, the flow of blood is reversed in it, as 
shown by the Trendelenburg test (Fig. 9) and 
by measurements of venous pressure in vari- 
ous positions (7). 

A simple test of patent deep circulation is 
that of Perthes, which we have slightly modi- 
fied. A blood pressure cuff is thrown around 
the thigh in the standing position and is in- 
flated just enough to compress the saphenous 
vein. Next, the patient is asked to walk to and 
fro or to flex and to extend his knee about ten 
times. During this procedure the calf muscles 
contract, squeeze the blood out of the deep 
veins, and aspirate the blood from the vari- 
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Fig. 6. 
Such a cutaneous phlebectasia, a transition between vari 
cose veins and angioma, is excised. 

Fig. 6. Marked varicosities of the long saphenous vein. 
Courtesy of Dr. W. Bronson. 


cosities. The dilated veins must diminish in 
size, if the deep venous circulation is patent. 
To demonstrate better the loss of blood fol 
lowing this sucking action, the blood pressure 
cuff is now deflated, and we find that the 
blood rushes in from the saphenous vein and 
fills up the varix to its previous size. If there 
is no appreciable diminution in the size of the 
dilated veins when the patient walks, an in- 
creased venous pressure must be present in 
the deep veins, a fact which signifies that ob- 
struction is present somewhere between the 
veins of the calf and the vena cava. 

A similar test, but one which requires a 
venous pressure apparatus, is the measure- 
ment of venous pressure with patient in the 
horizontal position (7). The venous pressure, 
which may be as high as 100-125 centimeters 
of water, when the patient is in the standing 
position, becomes normal when the patient 
assumes the horizontal position, provided the 
deep circulation is unobstructed. In case of 
deep venous obstruction, high readings are 
obtained with the patient in the horizontal 
position, as the deep venous pressure is trans- 
mitted and prevents the emptying of the 
superficial veins. Such pressure determina- 
tions are not necessary in the general run of 
cases but do serve for a better understanding 
of faulty circulation. The lack of oedema, and 
in case of oedema, the test of Perthes is en- 
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tact sche : considered positive when a red flare appears around a wheal at the side of the 





test. The reaction normally appears in 5 minutes. Figure 7 is the chart of 
a night watchman, aged 47 years, in whom no palpable pulsation could be 
felt in the left dorsalis pedis and posterior tibial arteries. Two weeks after 
this test the left fourth toe became cyanotic, later turning black. Patient 
was sent to the hospital. In Figure 8 we have chart of a diabetic, who had 
many varicosities of the right leg. Pulse was fair in the dorsalis pedis and 
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tirely sufficient for the estimation of the deep 
circulation. 


TECHNIQUE OF INJECTIONS 


The patient’s leg should be in the /ori- 
zontal position. This position, as particularly 
emphasized by Sicard, is the one in which the 
blood is the most stationary and in which the 
relaxation of the calf muscles permits the in- 
jected fluid to stay in place for a longer period. 
As shown in a previous communication (7), 
the venous pressure with the leg in the stand- 
ing position is so high in the varicose vein that 
the injected fluid is rapidly washed away to 
the periphery. Furthermore, this position of 
the leg is preferable for it permits as little 
blood as possible in the vein, thereby prevent- 
ing unnecessary dilution of the hypertonic 
solution and insuring better contact of the 
irritant fluid with the intima. Usually two in- 
jections are made at one sitting, one at the 
highest palpable vein and the other at the 
lowest palpable dilatation of the same seg- 
ment. We have never injected higher than 
the middle of the thigh, but we usually do not 
inject above the knee. After the selected site 
of injection is gently rubbed with alcohol, 
an intravenous needle, with short bevel and 
preferably of rustless steel and on a to cubic 


posterior tibial arteries. 


centimeter Luer-Lok syringe, is inserted into 
the vein. The syringe is filled with to cubic 
centimeters of a 50 per cent glucose solution. 
As soon as blood can be aspirated into the 
syringe, the second and third fingers of the 
left hand gently strip the vein proximally and 
distally from the inserted needle, and main- 
tain compression on the segment to be in 
jected. Thus the vein is emptied as much as 
possible, before the injection is made. ‘The 
injection is made slowly and is perfectly pain- 
less, as long as the needle is free in the lumen. 
When the needle is withdrawn, a dental pad, 
or a small felt pad, is placed on the site of injec- 
tion and is pressed against the vein with a 
wide adhesive tape. ‘The pressure should be 
considerable, and its proper maintenance for 
at least 48 hours is very important. ‘This 
pressure serves to keep the inflamed walls of 
the vein in the closest possible contact and 
thus favors obliteration. 

The solution used most frequently is 50 per 
cent glucose.' When the injection treatment 
was started in our clinic, sodium chloride, 

' Since this article was submitted for publication, we have adopted 
the suggestion of Kern and Angle (J Am. M. Ass., 1929, xciii, 595, 601), 
and we are now using a mixture of 50 per cent dextrose and 30 per cent 
sodium chloride in the larger, thickened veins. The two solutions are 
kept in separate ampoules and are mixed in the syringe in equal parts. 
If less irritation seems necessary, 2 parts of dextrose to 1 partof sodium 


chloride is given. A total amount of 5 cubic centimeters at one injec 
tion is not exceeded. 
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Vig. 9. The negative, positive, and doubly positive 
Trendelenburg test. The patient’s leg is elevated and the 
dilatations are emptied. Next pressure is made on the 
course of the long saphenous vein and the patient is asked 
to stand up. If the veins remain empty or slowly fill up 
from below and do not change in size after the pressure is 
relieved, the test is negative. There is no reversed flow in 
the saphenous system. a, If the veins remain empty so 
long as the pressure is maintained, but fill up from above 
with a sudden gush when the pressure is relieved, the test 
is positive, the flow of blood in the saphenous vein is re 
versed. b, If, however, the veins fill up suddenly on stand 
ing, in spite of saphenous compression, there is a reflux from 
the deep veins. Releasing the compression may produce a 
further filling of the veins, thus making the test doubly 
positive. c, This latter condition, which indicates a valvu 
lar insufficiency of the anastomotic veins is not favorable to 
injection treatment and is a frequent cause of recurrence. 
(Diagram from Homan.) 


sodium salicylate, quinine, and urethane were 
given a trial. Glucose proved to be the bland- 
est, least irritant. There is no danger of nec- 
rosis, if the solution is placed beside or leaks 
out of the vein. There is no or scarcely any 
cramping following the glucose injection. 
Glucose is non-toxic, and systemic reactions, 
as seen with salicylates and quinine, are 
absent. The action of glucose is not so prompt 
as that of the three other solutions, but the 
reaction following its use is practically con- 
fined to the intima. Periphlebitis, an infiltra- 
tion and subsequent pigmentation, which has 
been described after the use of the other solu- 
tions, has not been observed. However, it is true 
that large dilatations, particularly if there is 
an appreciable reflux from the deep veins, can 
not be obliterated with glucose. In such cases, 
we have constantly felt the necessity of using 
more irritating solutions. Seventy-five per 
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cent invert sugar proved to act more promptly 
than 50 per cent dextrose. The disadvantage 
of invert sugar lies in its great viscosity neces- 
sitating the use of large needles. A solution of 
15 per cent sodium salicylate in 50 per cent 
dextrose has shown very prompt obliterating 
effect. However, while we were able to get 
large firm thrombi in patients who did not re- 
spond to dextrose, there was marked pallor, 
vertigo, and cramps in some cases. Further- 
more, the alkaline sodium salicylate will cara- 
melize sugar and the injection of such a solu- 
tion is not advisable. A 1o per cent solution 
of quinine and urethane, not exceeding 1 cubic 
centimeter at one injection and 2 cubic centi- 
meters at one sitting, gives satisfactory results 
in dextrose-resistant cases. Here again, the 
injection should be given, if possible, with the 
patient in the horizontal or at least in the sit- 
ting position. Several patients have become 
dizzy when quinine was injected while they 
were in the standing position. 

The use of dextrose in diabetics is not con- 
tra-indicated, but one unit of insulin should 
be administered with every 3 grams of sugar, 
or corresponding restrictions must be made in 
the glucose intake of the patient. 

The amount of dextrose injected at one 
point is usually to cubic centimeters, never 
more, but frequently less, if the vein is small 
and the walls are thin. Of the quinine, 1 
cubic centimeter is injected with a fine hypo- 
dermic needle and a 2 cubic centimeter tightly 
closing syringe. 


OUTLINE OF MANAGEMENT 


It is almost impossible to foretell the neces- 
sary number of injections. This will depend 
on the site and extent of varicosities, on the 
intensity of the backpressure, on the presence 
of reflux from the deep veins, and finally on 
the condition of the wall of the vein to be in- 
jected. Thickened walls with a shrunken, 
scarry intima will not respond as readily as a 
thin walled vein. On the other hand, the 
presence of latent infection in the wall may 
result in a sudden obliteration of a long seg- 
ment with marked periphlebitis. There has 
been no complication even in such cases: the 
temperature remains normal, the tissue exu- 
date is absorbed, and there is no suppuration. 
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Fig. 10. Drawing of a vein excised immediately after 
injection with 50 per cent dextrose. There is a small sub 
intimal hemorrhage at the insertion of the needle. The 
intima was swollen, hyperemic, but no thrombus has as 
yet formed. 


The patient is asked to wear an elastic 
bandage or stocking during the treatment. 
This helps to keep the veins collapsed and 
diminishes venous pressure. The patient goes 
about his or her daily work without any re- 
strictions. Heavy manual labor is not ex- 
cluded. However, unusual exertion in  pa- 
tients not used to it is not permitted. 

It is advisable to start injections simulta- 
neously at the highest and lowest palpable 
point of the same segment; the highest point 
never exceeding the middle of the thigh. It is 
occasionally possible to obliterate with two 
such injections one entire segment. If this is 
not accomplished the following injections will 
be made between the two previous injections. 
If one segment is completely obliterated, 
another one is selected for injection. If both 
legs are affected, one may treat them simul- 
taneously, although much will depend on the 
individual reaction of the patient. 

If the veins are enlarged above the middle 
of the thigh, we ligate the long saphenous 
vein with a small transverse incision in the 
ambulatory patient and then follow with in- 
jections. Such ligations have also been made 
lower, about a handwidth above the knee, if 
the pressure seemed too great. Such ligations 
aid materially in obliterating the veins below, 
as they reduce the pressure when patient 
stands, at least temporarily (7). 

When all the visible and palpable dilata- 
tions have been obliterated, we ask the pa- 
tients to wear an elastic support for 3 weeks 
longer. At the end of that time they are per- 
mitted to go around without any bandage, 


551 





Section of a vein, one week after the injection of 
The intima is destroyed and an 
There is a marked 


Fig. 11. 
50 per cent dextrose. 
obliterating thrombus has formed. 
dilatation of the vasa vasorum. 


but we ask them to return in 1 month. Not 
infrequently one or two more injections may 
be necessary to cure varicosities in veins that 
have not been completely obliterated in the 
first treatment. An exact follow-up system is 
essential in evaluating the end-result in each 
individual case. 


PATHOLOGICAL STUDIES OF INJECTED VEINS 


In a previous paper by one of us (5), the 
fact was stressed that the coagulation of the 
blood in the injected segment is only second- 
ary to the endophlebitis due to physico- 
chemical irritation of the intima. If a vein is 
injected with 50 per cent dextrose solution 
and immediately excised, there is no thrombus 
formation visible (Fig. 10). In performing 
our preliminary vein ligations we have fre 
quently injected the vein before ligating it, 
and were thus able to study the macroscopic 
appearance of the intima. ‘The intima, 
smooth, pale, and glistening as it normally is, 
turns red and velvety, with occasional sub 
intimal haemorrhages. ‘This endophlebitis 
which corresponds to a catarrhal inflammation 
of any endothelial surface produces an exu 
date. The rationale of our method of localized 
compression consists first in producing stasis 
in the vein, an important factor in thrombo 
sis, second in reducing the backpressure of the 
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Note the active 


Fig. 12. Same section, high power. 
organization of the clot, as compared with Figure 13. 


column of blood, and third in approximating 
the injured intimal surfaces. The organization 
of the thrombus, which occurs slowly and 
gradually in the spontaneous clot, will pro- 
ceed so to speak simultaneously with the for- 
mation of the clot as the outpouring of fibrin- 
ous exudate wili anchor the agglutinated 
corpuscular elements (Figs. 11, 12, 13). 

It is evident, however, that not all thrombi 
caused by injection treatment will show the 
same picture. A secondary clot, a true red 
thrombus, may form on top of the firmly 
adherent thrombus. This is all the more li- 
able to happen when, as a result of previous 
attacks of phlebitis known or unknown to the 
patient, the intima is vulnerable, thickened 
(Fig. 14). The importance of ligating the long 
saphenous vein, if it is wide open and feels 
hard, lies not only in reducing the backpres- 
sure, but in preventing such an ascending, 
superimposed clot from reaching the sapheno- 
femoral junction. 

The result of well organized total thrombi is 
complete obliteration of the vein, which turns 
into a fibrous cord. Such cords are well pal- 
pable even after months but gradually dimin- 
ish in size and are not visible. However, if the 
injection is followed by a marked _ periphle- 
bitis, a brownish pigmentation may occur 


along the course of the vein. We have not 
seen any such pigmentation after the use of 
glucose solution but have observed it after the 
use of salicylates, quinine, and urethane. 

The organization of the clot may, however, 
follow a less fibrous and more vascular char- 
acter. Small sinuses originating in newly 
formed capillaries form in the thrombus and 
contain circulating normal red cells. ‘The 
walls of such intrathrombal canals are lined 
with endothelium, so that they must originate 
from the capillary buds of the granulation 
tissue (Fig. 15). Even more interesting is the 
dilatation of sinuses around the internal limit- 
ing membrane. ‘These sinuses which may be 
seen to encircle the entire wall of the vein at 
the internal limiting membrane are also lined 
with endothelium and form a new circulation 
in the wall of the thrombosed vein (Fig. 16). 
They must have afferent and efferent vessels, 
otherwise normal red cells could not be seen 
in them. Cornil and Ranvier (17) have de- 
scribed a cavernous transformation of throm- 
bosed veins. In our material, one patient, 
who had been injected elsewhere with hyper- 
tonic sodium chloride solution, showed such 
cavernous transformation. Because of the 
multiple cavernous character of such a vein, 
it is difficult to get the needle into the lumen 
and the injection will be frustrated by a grow- 
ing haematoma before the solution can be safely 
injected. 

A real restoration of the obliterated lumen 
may also take place, either by a purulent 
softening of the thrombus with subsequent 
signs of pyemia or embolism or by a gradual 
recanalization as a result of persistent increase 
in pressure. If the pressure from the saphe- 
nous distribution or from the deep veins is 
constantly high because of valvular insufh- 
ciency, the recanalization will manifest itself 
in a true recurrence. 


UNTOWARD SYMPTOMS FOLLOWING INJECTION 


Untoward symptoms following injection 
can be grouped under immediate and late. 

The immediate symptoms following the in- 
jection of 50 per cent dextrose are very slight 
but vary greatly. The reaction following the 
first injection is usually greater than after 
subsequent injections. This would indicate 
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Fig. 13. Static thrombus in the iliac vein. In spite of the 
age of the thrombus as shown by the intima scar, there is 
no tendency to organize the clot. 


that the patient’s anxiety and the fear of the 
unknown lowers the threshold for pain stim- 
uli. Also in women, the complaints are more 
marked than in men. Most men receive the 
injection without any painful sensation. ‘The 
cramping pain must be differentiated from 
the pain following a perivenous injection. If 
the needle is not in the vein, a blanching and 
ballooning out of the skin occurs. Simultane- 
ously a sharp, localized burning pain is com- 
plained of, which is a better danger signal 
than the visible infiltration of the subcutane- 
ous tissue. The cramping pain, which follows 
a correct intravenous injection, occurs only 
after a minute or two, evidently at the time 
when the hypertonic solution reaches the 
nerve fibers in the adventitia, either through 
the wall of the vein or through the capillaries. 
At the same time, because of the stimulation 
of the sympathetic perivenous fibers, an ac- 
tive contraction of the vein occurs, which may 
be so extensive and last so long that a second 
injection is not possible. This active venous 
contraction has been observed not only on the 
exposed vein but in a great many instances 
during the usual treatment. The veins empty, 
their walls become palpable, and give the 
clinician a chance to estimate their thickness. 
Phleboliths become palpable.. 





Fig. 14. Chronic periphlebitis. The muscular layer has 
been replaced by fibrous tissue. ‘The intima is thick and 
contains small areas of round cell infiltration. Injection of 
such a vein may result in acute phlebitis and periphlebitis. 


This cramp, which is described by patients 
as exactly the same sensation as they have 
experienced on stretching their limbs in bed, 
or as occurs when the limbs are put in cold 
water, lasts only a few minutes. It is the most 
frequent symptom noted. The cramping is 
very much milder after injections of dextrose 
than after those of sodium chloride or sodium 
salicylate. With quinine and urethane, a 
moderate cramping is observed. 

Other symptoms such as pallor, dizziness, 
nausea, that may accompany any intravenous 
injection, sometimes occur. Of our entire 
series, one woman always became faint as 
long as she remained in the sitting position 
during the treatment; another had to lie down 
if the injection was given while she kept the 
standing position. ‘This postural hypotonia, 
which occurs in individuals with an unsta- 
ble vasomotor mechanism, is probably exagger- 
ated when hypertonic solutions are injected. 

The injection with patient in the horizontal 
position then is desirable also from this stand 
point. However, when the veins become 
partially obliterated by previous injections, 
the sitting or standing position must be as- 
sumed. In our fairly large series of cases, only 
2 could not stand the elevated posture. 
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Vig. 15. Varicose vein injected 3 months previously with 
50 per cent dextrose. There was a marked reflux from the 
deep veins. There is an irregular sinus around a valve and 
another one in the middle of an old hyaline thrombus. 
There are narrow sinuses at the periphery of the thrombus. 
These are not artefacts, as circulating red cells can be seen 
in them with higher magnification. 


In 2 cases in our series, 10 cubic centimeters 
of the 15 per cent concentration of sodium 
salicylate produced violent abdominal pain, 
faintness, and dizziness followed by a chill. 
No further symptoms developed. Since these 
two instances we do not inject more than 3 
cubic centimeters at the first sitting, although 
more than 50 patients tolerated the 1o cubic 
centimeter dose without any reaction. 

Later symploms—necrosis. In more than 
3,000 injections of 50 per cent dextrose solu- 
tion, not one slough was encountered. The 
solution, a few drops to 2 cubic centimeters, 
was inadvertently several times deposited 
outside the vein, but in 2 days when. next seen 
such patients presented no sign of necrosis, 
not even an induration. The safety of the 
dextrose solutions is a great advantage, even 
if the action of the vein is not as prompt as 
with more irritant substances. Since we have 
used the dextrose solution combined with 15 
per cent sodium salicylate, we have not en- 
countered any difficulties but we believe that 
increased caution when using such a solution 
is advisable. Following the use of quinine a 
marked fibrosis was observed in some in- 
stances, but no slough was encountered. Three 
small sloughs were encountered since the use 
of the dextrose sodium chloride mixture by a 
younger member of our clinic. 


Fig. 16. Old hyaline thrombus. Vein has been injected 
with 50 per cent dextrose 2 months previous to excision. 
There was a marked backpressure from the long saphenous 
vein, which had not been ligated in this patient. There are 


several sinuses within the thrombus. A large parietal 
thrombus is seen in one of the sinuses that formed around 
the internal limiting membrane. These cavernous sinuses 
are very hard to reinject. The needle may not find the 
lumen and the response to the irritant solution is very poor. 
Such recurrences are the result of continuous pressure on 
the thrombus from above or from the deep veins. 


Hemorrhage. We have not observed any 
external hemorrhage. Not infrequently, how- 
ever, a hematoma develops around the punc- 
tured vein, due to leakage of blood from the 
injured vein. This is particularly seen in 
women with soft, poorly contractile vessels, 
who show ‘blue bumps” at the slightest in- 
jury. These small hamatomata have no fur- 
ther significance, and disappear after the 
visible transformation of blood pigment into 
biliverdin and bilirubin. ‘The compression 
pad, applied after the injection, will prevent 
a large hematoma and helps in the absorp- 
tion of the existing ones. 

Embolism. Up to the present time, we have 
not observed any case of pulmonary embolism, 
either fatal or non-fatal. Our attitude in this 
question has been discussed in a previous 
paper (7). Not only is the danger of pul- 
monary embolism much less than after radical 
excision, but it is probable that varicose veins 
untreated may give rise to a pulmonary em- 
bolism in a small percentage of cases. Phle- 
bitis per se as shown in Brown’s statistics 
from the Mayo Clinic carries hardly an inci- 
dence of embolism. On the other hand, opera- 
tions that require prolonged immobilization, 
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Fig. 17. Isolated varix running in a transverse direction. 
Slight backpressure. One injection of 5 cubic centimeters 
of 50 per cent dextrose effected a perfect cosmetic and 
functional result. After 1 year result was still the same 


. 


that prevent diaphragmatic and other muscu 
lar action, show the largest percentage of 
embolism. ‘The fact that patients are ambu- 
latory and that the thrombus is firmly at 
tached, and not loose as is a spontaneous 
thrombosis, add a certain safety to the injec- 
tion method. However, no such procedure 
can ever be entirely devoid of this danger. If 
one were to condemn a method for a possible 
incidence of embolism, fractures could not 
be reduced and splinted, hernias could not be 
repaired, 


INDICATIONS AND CONTRA-INDICATIONS 


As has been mentioned, injections are ad 
vised only if the varices are below the knee 
and if the reflux from the deep veins is not 
appreciable. If the long saphenous vein is 
distinctly palpable above the knee or if dis- 
tinct dilatations are palpable, the vein is tied 
at the highest palpable point. In case of very 
extensive varicosities both below and above 
the knee and particularly if there is a marked 
venous reflux, a radical operation is advised. 

These indications have been followed in 
our clinic for the past 3 years. They are, of 
course, subject to change and are the result 
of our analyses of failures. 

The injection treatment is contra-indicated, 
when the history or the test for deep venous 
return reveals an obstruction of the deep veins. 


Fig. 18. Varicose ulcer with marked involvement of the 
long saphenous vein. Injections and three applications of 
Unna’s boot resulted in a firm healing of the ulcer. Such 
healed ulcers must be protected for several months from 
injury and carefully bandaged. 


It may be quite possible and in one case we 
have definite evidence of it, that the deep 
thrombosis, which brings on the superficial 
dilatations became compensated or otherwise 
overcome, so that the superficial veins could 
be removed without the slightest disturbance. 
Generally speaking, the diffuse, hard oedema, 
which is claimed by some authors to be of 
lymphatic origin (10, 16) either prevents the 
injection of the superficial veins, or at least 
makes it unnecessary, as the oedema will not 
be benefited and the veins will refill from the 
deep circulation. Occasionally, an injection 
into a superficial vein may flare up an old 
deep phlebitis and result in oedema. 

A superficial phlebitis, acute or subacute, 
contra-indicates the injection treatment. If 
the infection still slumbers in the wall of the 
vein, an injection may flare up the process. 
We had the opportunity to observe such a re- 
action in two instances; while the sudden 
flare up successfully obliterated the veins, 
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Fig. 19. Large varicose ulcer treated with pasteboots for 
2 years previous to admission. The vein was radically ex 
cised because of the extent of varicosities and a full thick- 
ness graft was applied. Prompt healing took place. 


such reactions are painful and alarming to the 
patient. If the patient is up and around and 
if the saphenous vein is ligated, no propaga- 
tion of the clot must be feared. 

In order to avoid such reactions, the rule 
should be followed that we observe in repair- 
ing a ventral hernia due to abdominal sup- 
puration. For 6 months but preferably for a 
year, varicose veins should not be injected if 
there is a history of acute redness, swelling, 
and induration of the superficial veins. A 
chronic induration, however, even in the 
presence of an open ulcer is not a contra- 
indication. We have injected veins above 
varicose ulcers in 75 instances without any 
reaction. 

Pregnancy and injection treatment. Venous 
pressure in the lower extremities rises with 
the advance of pregnancy. Existing varicose 
veins are aggravated. They do not recede 
after childbirth, but get progressively worse 
with each pregnancy. The question arises 
whether it is advisable to treat the veins dur- 
ing pregnancy or whether it is better to wait 
until after childbirth. Based on a small ex- 
perience with pregnant women (6 cases) we 
found that the injection treatment gave them 
subjective relief and that if the main saphe- 
nous trunk was obliterated or ligated, the 
progress of the disease could be stopped. ‘This, 


lig. 20. [extensive varicosities both below and above 
the knee with marked reflux from the deep veins. Pressure 
is applied on the long saphenous vein above, in spite of 
which marked filling of the veins has taken place. 


of course, is true only of the true varicose vein. 
If the deep circulation is obstructed, and 
if the co-existing lymphatic block produces 
oedema, the injection treatment is obviously 
not indicated and will not influence a post- 
partum phlegmasia. This important field 
pregnancy and varicose veins —needs further 
investigation and study. 
RESULTS 

The figures given include the first 160 cases 
which were reported in a previous article (6). 
The total number of cases reported in this 
paper is 500. Of these 389 have received the 
entire course of treatment. 

The average number of injections in any one 
patient is astonishingly low, due to the fact 
that several young women, especially in our 
private work, presented themselves early and 
were relieved very readily after a few treat- 
ments (Fig. 17). In these early cases the 
number of required injections varied between 
one and six and averaged roughly four. ‘The 
more advanced the condition was and _ the 
more incompetent the communications be- 
tween the long and short saphenous veins and 
between the superficial and deep veins, the 
higher the number of injections became. Ina 
group of 12 such cases, the average number of 
injections was 22. If ulcers were present, the 
injection treatment was supplemented with 
pasteboot treatments of Unna. 








ve 
ire 
of 








Dre TAKATS: THE INJECTION TREATMENT OF VARICOSE VEINS 557 


lig. 21. Marked oedema, cyanosis, and multiple livid 
ulcers following deep thrombophlebitis. The limbs were 
suspended almost vertically for 10 days. The ulcers on the 
right leg were excised, grafted, and an extensive removal of 
subcutaneous tissue and fascia was performed. The ulcer 
on the left side healed during rest in bed. The leg was not 
operated upon. Six months after operation, the indura 
tion and cedema were far less marked on right side. 

While the degree of involvement to a certain 

extent will enable us to determine the neces- 
sary number of treatments, other factors, 
such as the prevailing backpressure in the 
varicose vein, the degree of stagnation, the 
condition of the wall of the vessel should be 
considered. So it is impossible to tell the pa- 
tient even approximately the necessary num- 
ber of injections. It is also true that different 
patients respond differently to this treatment. 
In one patient, every single injection pro- 
duces prompt obliteration in a segment of 
several centimeters, while in another patient, 
seemingly in the same identical condition, 
only repeated injections into the same seg- 
ment will bring results. We have learned 
recently not to inject glucose into a partially 
obliterated vein, as the parietal thrombi in 
such previously injected veins do not respond 
to glucose as readily as in a thin walled vein. 
For such cases glucose sodium chloride has 
proved to be effective. 





Fig. 22. Bilateral elephantiasis with necrotic, spreading 
ulcers. The ulcers were infected. She refused hospitaliza 
tion after a while and could not be followed. 


The length of time for cure varied not only 
according to the degree of involvement but ac- 
cording to the number of visits made in a 
week and the number of injections during one 
visit. Therefore the average time required for 
cure, namely 2.94 months, roughly 3 months, 
cannot be evaluated without further analysis. 
Injections of glucose can be made every sec- 
ond day, two or three segments being treated 
at a time. However, most patients prefer not 
to come more often than twice a week, and 
because of social reasons, the dispensary pa- 
tient can hardly come more often than once 
a week. Also the number of injections given 
at one visit seldom exceeds two. The length of 
time for cure varies from 2 weeks to 9 months; 
the average is 3 months. The large number 
of ulcers treated makes the time unduly long. 

An unusual opportunity was offered to 
compare these results with those obtained in 
1g patients previous to the institution of 
the injection treatment. ‘These patients had 
visited the surgical dispensary at earlier 
periods and had continued their visits after 
our clinic had started. The length of previous 
treatment varied from 1 year to 35 years, an 
average of 8.6 years. ‘The average time re- 
quired for cure under our management was 
3% months (Fig. 18). 
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With the reservations mentioned, we sub- 
mit the immediate results of the injection 
treatment as follows: 


Total number of cases injected 389 
Number of injections in a single case I-35 
Average number of injections in a single case 6.2 


{2 weeks to 
9 months 
\verage length of time required for cure . 3 months 


Length of time required for cure 


FAILURES 

The failures must be classified into imme- 
diate and late, the late failures being the re- 
currences. Every case in which a permanent 
obliteration had not been obtained was classi- 
fied as a failure. Recurrences could be ob- 
served as early as 6 weeks and as late as 1 
year. While it was impossible to re-examine 
all discharged patients, they were routinely 
asked to return every 3 months. It is probable 
that a comparatively larger number of pa- 
tients with failures returned than of those 
cured, 

The total number of failures in this series 
was 41, 10.0 per cent, in 389 cases. The 
analysis of these failures was far more in- 
structive to us than was an analysis of our 
favorable results. ‘The cases which resulted 
in failures could be readily classified into the 
three groups, namely: 

1. Those with long saphenous veins wide 
open with incompetent valves so that the back- 
pressure caused canalization of the throm- 
bus (ig. 16). 

2. Those with large saccular dilatations, 
with intima not intact and with extensive 
scar formation. In these cases the intima 
would not react to a bland stimulus (Fig. 14). 

3. Those in which the Trendelenburg test 
was doubly positive, indicating a reflux from 
the deep circulation as a result of incompetent 
valves in the anastomoses between the super- 
ficial and deep venous system (Fig. 15). 

The logical means of overcoming failures in 
the first group is the ligation of the long 
saphenous vein at the highest palpable point. 
Under local infiltration anesthesia with one- 
half per cent novocain-adrenalin, a_ short 
transverse line of incision is infiltrated with 
great care not to inject into the vein. The 
vein is exposed and cut between two No. 1 
chromic catgut ligatures. ‘To avoid damage to 


the intima no artery clamps are applied on the 
vein. In this manner we believe it is possible 
to reduce to a minimum the possibility of the 
occurrence of a thrombus at the proximal 
stump of the vein. The skin incision is closed 
with a few stitches of interrupted dermal su- 
tures on a straight skin needle. A compression 
bandage is applied with adhesive tape. The 
patient is allowed to go home immediately or, 
if conditions would so indicate, is hospitalized 
for 24 hours. 

Such ligations have been carried out in 61 
instances, with no infection or bleeding in any 
of them. A thrombus of the proximal stump 
was palpable in 3 cases. A thrombus was 
found in the distal stump in almost every 
case. In two cases following the ligation, a 
massive thrombus of the entire long saphe- 
nous vein occurred distal to the ligation. One 
patient suffered an extensive periphlebitis fol- 
lowed by a brawny induration, but the tem- 
perature remained normal. ‘These patients 
were not hospitalized. The massive throm- 
bosis resulted in a complete obliteration of the 
varicose veins. A latent infection must have 
been present in the wall of the vein at the 
time of operation. 

Further experience is essential to deter- 
mine how often massive thrombosis will follow 
ambulatory vein ligations. While such a reac- 
tion is not aimed at, it may lead to a rapid 
cure of such varices as have been observed 
after trauma or after an acute superficial 
phlebitis. 

As to the second group, invert sugar, 75 per 
cent, was the first of the stronger solutions 
used. The solution is thick which necessitates 
the use of large needles. This is an evident 
disadvantage. However, the action of invert 
sugar is noticeably stronger than that of the 
50 per cent dextrose solution, and the reac- 
tion of the patient to it hardly any greater. 
Solutions of 60 and 50 per cent invert sugar 
have been tried and discontinued as no par- 
ticular advantage over the 50 per cent dex- 
trose could be observed. 

A 10 per cent solution of quinine urethane 
produced rapid and satisfactory obliteration. 

A solution of 50 per cent dextrose and 15 
per cent sodium salicylate combined produces 
good effects, while injected separately they 
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have been known to sclerose the veins. It is 
possible that the corroding effect of sodium 
salicylate, which is used in the combined solu- 
tion in a comparatively weak concentration, 
is buffered by the thick sugar solution, which 
attracts a great deal of fluid and thus further 
dilutes the caustic agent. Clinically the solu- 
tion causes a marked cramping, but a throm- 
bus is promptly formed and there is much 
perivenous exudate. We reserve the use of 
this solution for large sclerotic veins that do 
not respond to treatment with sugar solu- 
tions. When used in large varicosities, it 
should be easier to avoid the danger of a peri- 
venous injection. Because of the carameliza- 
tion of the sugar in the alkaline sodium sali- 
cylate we have given up the use of this 
mixture and have substituted glucose sodium 
chloride. 

In the third group, those with incompetent 
anastomotic valves, there is either an in- 
creased deep venous pressure or at least a con- 
tinuous reflux from the deep circulation 
(Fig. 20). Clinically, these veins respond 
readily to injection, but the varices reappear 
very shortly, and can be obliterated only with 
great difficulty. The pressure in such veins is 
high even in the horizontal position, and they 
do not disappear when the patient lies down. 
However, there may not be an obstruction to 
the deep circulation—a fact which can be 
ruled out by the test of Perthes described. 

In these cases with incompetent anasto- 
motic valves, radical excision of the main 
trunk, with the lifting up of the tributaries 
from the fascia thus breaking the connections 
between the deep and superficial system, has 
given us the best results. In this series, 16 
such operations were done. Spinal anzs- 
thesia is preferable. Patients are not immo- 
bilized in bed and are allowed to get out of 
bed on the fifth day. Thus instead of trying 
to prevent embolism by the usual prolonged 
immobilization, we try to prevent thrombosis 
by early movements. 

The use of thyroid extract to prevent pul- 
monary embolism has been suggested by 
Walters. In an obese woman with low blood 
pressure, the type of patient in whom embo- 
lism is to be feared, a very extensive Kondo- 
leon operation was performed. She developed 


a pulmonary embolism on the twenty-first 

postoperative day which, however, did not 

end fatally. She received 6 grains of potent 

thyroid extract during the entire postopera- 

tive convalescence but could not be allowed 

to get up, because of the necessary elevation. 
COMMENT 

The injection treatment of varicose veins 
has proved to be a valuable addition to our 
therapeutic armamentarium. If the cases are 
properly selected, the percentage of cures will 
certainly exceed those following radical sur- 
gery. Our oldest cure is now of 3 years’ dura- 
tion. However, judging from the end-results 
following radical operations, the greatest per- 
centage of recurrences takes place within the 
first 5 years after operation. ‘The follow-up 
records of the discharged cases are naturally 
of great interest, and for this reason every 
effort is being used to establish an accurate 
follow-up system. 

The advantages of the injection treatment 
are evident: the patient is not hospitalized, 
does not have to discontinue work, and suf- 
fers very little discomfort during the treat- 
ment. ‘The danger of the injection treatment 
lies in the fact that it is easy to perform. 
However, if the cases are not scrupulously 
selected, the treatment will be discredited and 
again discarded, as has happened before in the 
past. 

The ideal solution for the injection treat- 
ment has not yet been found. We believe 
that most of the solutions used are too irritant. 
Sodium chloride, sodium salicylate, quinine 
and urethane, all cause a great deal of cramp- 
ing and the possibility of necrosis is always 
present. Fifty per cent dextrose is the least 
irritant and works very well in the non- 
inflamed, thin walled vein. By the addition 
of 15 per cent sodium salicylate, the efficiency 
of dextrose has been increased and yet we 
have reason to believe that the presence of the 
hypertonic dextrose buffers the sodium sali- 
cylate and the danger of necrosis is thereby 
diminished. Viscosity is another problem. If 
the solution were thinner, finer needles could 
be used. 

The combination of preliminary ligations 
followed by injections has been very satisfac- 
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tory. This method diminishes backpressure 
and prevents an ascending thrombosis. We 
are aware of the objection—that the proximal 
stump itself may give rise to an embolism. 
We have carefully palpated the site of liga- 
tures in every case. While the distal stump 
has very often shown a thrombosis, and while 
in 2 cases a massive thrombosis distal to the 
ligation followed, the proximal stump showed 
a palpable thrombus in 2 out of 61 cases. The 
patients are not immobilized, not hospitalized. 
Most of them have lost but one day of work 
after ligation. 

We believe that the radical operation also 
has a very definite place in the treatment of 
varicose veins. ‘The reflux from the deep veins 
can be logically attacked only by interrupting 
the communications between the deep and 
superficial venous system. If radical surgery 
is resorted to, it should really be radical. ‘The 
ligation of the saphenous vein should be done 
as high as possible, with an incision about two 
fingerwidths below and parallel to Poupart’s 
ligament. The stump of the ligated saphe- 
nous vein should be as short as possible. The 
long saphenous vein can be stripped above the 
knee, but below the knee the main object of 
the operation is to interrupt all perforating 
veins. ‘This is far more important than the 
removal of an isolated dilated segment. The 
operation is preferably done under spinal 
anwsthesia, the patient is not immobilized 
longer than 4 to 5 days after the operation. 

Such operations are not frequently indi- 
cated. In close to 400 cases it was performed 
16 times, an incidence of 4 per cent of the 
total number. 

Discrimination in the selection of cases for 
the injection treatment will bring the highest 
percentage of results. 

No mention has been made in this paper of 
the treatment of deep thrombophlebitis and 
of the thrombophlebitic ulcer, as the injection 
treatment of them obviously is not indicated. 
The history of a sudden painful swelling fol- 
lowing operations, infectious diseases, or 
childbirth, and later of a persisting oedema 
and quite frequently of ulceration suggests 
such a diagnosis even without circulatory 
tests. Collateral circulation, developing after 
deep venous block, may appear on the ab- 
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dominal wall or in the lumbar region and helps 
to diagnose the level of venous block. 

The prognosis as regards these disfiguring 
and painful swellings is not entirely hopeless. 
The leg must be kept as free as possible from 
oedema by the prolonged use of an elastic sup- 
port. Six months after the initial attack, care- 
ful massage and baking may be started. We 
have seen slight rises in temperature and 
malaise even as late as 6 years after treat- 
ment and therefore advise massage which 
should be gradually increased in intensity. If 
the limb has been allowed to remain water- 
logged for a long period of time, the skin and 
subcutaneous tissue become so fibrous that 
even when the oedema has been removed the 
leg will not be able to regain its normal shape 
and size. In extreme cases, which may justly 
be called elephantiasis, a modified Kondoleon 
operation has been tried with encouraging 
results (Fig. 21). In one patient, large, almost 
circular ulcers developed on the base of an old 
thrombophlebitis (Fig. 22). Treatment con- 
sisting of vertical suspension, sterilization of 
the ulcer, and full thickness grafts resulted in 
great improvement, but the patient left the 
hospital before completion of the treatment 
and could not be traced. 

Some thrombophlebitic ulcers, if not too 
far advanced, may be treated with paste- 
boots. Such treatment results in a slow but 
firm healing, and 6 months to a year later 
careful baking and massage may be started to 
loosen up the fibrosis. 

Patches of hyperkeratosis which develop on 
old ulcers must be treated with dermatologi- 
cal measures. Itching eczematous skin re- 
sponds very well to crude coal tar. Shiny 
bright red, weeping areas of eczema, which 
give the impression that the epidermis has 
simply been pulled off the surface, are very 
painful and occur around varicose ulcers. Paste- 
boots are a most soothing dressing for them. 

Differentiation between the varicose ulcer 
from the thrombophlebitic, traumatic, luetic, 
trophic ulcers and arteriosclerotic and dia- 
betic gangrene is important not only from a 
prognostic standpoint, but because the use of 
injections in varicose ulcers is not indicated, 
even if a few varices above the ulcers are 
present. 
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Considerable use has been made of skin 
grafts. If the granulations show a healthy red 
appearance and if smears show a relative ste- 
rility they are shaved off with a flat razor and 
the graft is applied. Full thickness grafts and 
pinch grafts seemed to give better permanent 
results, although the percentage of takes was 
not so high as with Thiersch grafts. It is es- 
sential, however, to get rid of the oedema as 
much as possible before the grafting is under- 
taken. 

SUMMARY 

1. The management of 500 cases of vari- 
cose veins and their sequel is described. A 
thorough examination of the patient, ruling 
out conditions which contra-indicate injec- 
tions, is discussed. 

2. Tests of arterial and venous circulation 
are described. Patients with beginning arte- 
rial occlusion or with obstructed deep venous 
circulation are excluded from treatment. ‘The 
test for reflux from the deep veins is also 
significant. 

3. The technique of injections and the solu- 
tions used are described together with the 
selection of the site and number of injections. 

4. The histology of injected veins is briefly 
discussed. 

5. The perusal of follow-up records showed 
recurrences in 10.8 per cent of the cases. In 
such cases the persistence of increased pres- 
sure usually indicated surgical procedures 
such as ligation or radical excision. 

6. The radical operation for varicose veins 
has been carried out in 4 per cent of the total 
number of treated cases. It is believed to have 
a limited but definite place in the treatment 
of varicose veins. 


6. 


Io. 


19. 


20. 
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Bumpus and Meisser have shown that 
when streptococci freshly isolated 
from foci in patients who have certain dis- 
eases, are injected intravenously into ani- 
mals, it is possible to produce, in a large per- 
centage of the animals, the same disease as 
that from which the patient is suffering. The 
bacteriology of appendicitis and the elective 
localization of bacteria isolated from the 
appendix have been studied by Rosenow. 
He isolated streptococci and colon bacilli 
from patients with acute and with chronic 
appendicitis, and by injection of these cul- 
tures into rabbits he produced lesions in the 
appendices of a considerable percentage of the 
rabbits. In a second series of experiments, he 
was able to produce lesions in 70 per cent of 
animals which received injections with strains 
of organisms obtained from human beings 
with appendicitis. Rosenow and Dunlap 
found that cultures made from the tonsils of 
persons who had had appendicitis, caused 
appendicitis in 47 per cent of the animals 
which received injections of the cultures. 
This work of Rosenow and Dunlap was done 
during an outbreak of appendicitis in a mili- 
tary academy. Evans studied 236 cases of 
acute appendicitis in more than 16,000 stu- 
dents, and found that infection in the respira- 
tory tract preceded the acute appendiceal 
attack by, on an average, 16 days. It was 
noted also that appendicitis most frequently 
followed the subsidence of acute infections 
of the nose or throat. Of the total number 
of students who had acute infection of the 
upper part of the respiratory tract, acute 
appendicitis developed in only 1.5 per cent 
whereas an acute infection of the appendix 
developed in 3 or 3.5 per cent of the students 
who had this type of infection of the respira- 
tory tract during periods when there were 
outbreaks of appendicitis. 
Organisms other than streptococci have 
been recovered from the appendix removed at 
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operation. Thus, Dudgeon and Mitchiner 
isolated bacillus welchii from material re- 
moved from the interior of the appendix. 
Cultured aerobically, it yielded either pure 
cultures of colon bacilli, mixed cultures of 
colon bacilli and streptococci, or staphylococ- 
cus albus and streptococci. More recently, 
Hatzieganu and Iriminoiu were able to iso- 
late the bacillus mucosus capsulatus enter- 
ogenes from 84 of 105 appendices from cases 
of appendicitis. 

In view of the reported variation in the 
results of cultures in acute appendicitis, it 
becomes apparent that in order to establish 
an etiological relationship of the organism to 
the disease, one must determine the results 
of inoculation of experimental animals with 
these bacteria. ‘The work of Rosenow on the 
elective localization of bacteria in various 
pathological conditions, including his own 
studies on appendicitis, suggested the pres- 
ent additional study of the bacterial flora 
isolated from the diseased appendix and from 
the throats of patients during acute attacks. 
In the attempt to throw light on the source 
of infection in the appendix, I studied the 
cultural characteristics of bacteria isolated 
from the appendices of patients who had 
undergone appendectomy and from the naso- 
pharynges of patients with appendicitis. 
Next, I studied the localizing power in ani- 
mals of these bacteria. As a control, I made 
a similar study of bacteria obtained from the 
tonsils in patients who had arthritis. The 
part of the study that had to do with cultur- 
ing of the original material will be related 
first. Cultures were not always taken from 
the appendix and the nasopharynx of the 
same patient, for the reason that the ap- 
pendix was not available for culture in each 
case. The technique employed was similar 
to that used by Rosenow. 

The material for cultures from the naso- 
pharynges of patients with appendicitis was 
obtained by swabbing the nasopharynges 


1Work done in the Division of Experimental Bacteriology. Submitted for publication July 31, 1929. 
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with sterile cotton swabs, at the time of, or 
within 24 hours after, appendectomy. The 
material on the swabs was suspended in 
2 cubic centimeters of gelatin-Locke solution 
and this suspension was introduced into tall 
tubes of glucose-brain broth and _ glucose- 
brain agar. 

The tubes previously had been heated to 
boiling for 10 minutes to drive off the oxygen 
and subsequently were cooled to 4o de- 
grees C. The tubes then were rotated vigor- 
ously to mix the contents thoroughly. 

The tubes were sealed with sterile vaseline, 
all cultures were incubated for from 18 to 24 
hours, and the primary, often mixed, culture 
was used for inoculation of animals. 

The use of tall tubes of glucose-brain broth 
and agar was suggested by Rosenow to obtain 
a wide range of oxygen tension in order to 
fulfill the oxygen requirements of various 
bacteria. It has been found that at the bot- 
tom of the tubes, adjacent to the piece of 
brain, methylene blue is decolorized and that 
the media are sufficiently anaerobic to grow 
tetanus bacilli. Also, the bacteria from the 
nasopharynx were planted on plates of horse- 
blood agar. 

The cultures from the appendices were 
made in a similar manner. As soon as the 
appendix was removed by the surgeon it was 
placed in sterile gauze and taken to the lab- 
oratory. If the appendix appeared acutely 
inflamed, some of the material from the inte- 
rior was drawn into a sterile Pasteur pipette 
and introduced into tall tubes of glucose- 
brain broth and glucose-brain agar. 

Usually one tube of agar and one tube of 
broth were sealed with vaseline to insure 
anaerobic conditions. 

Further cultures were made directly from 
tissue of the appendices. Under sterile pre- 
cautions, a portion of the wall of the appendix 
was cut off and placed in a tube containing 
10 cubic centimeters of sterile physiological 
solution of sodium chloride, and this was 
shaken thoroughly. The tissue then was 
transferred into another tube containing 
sterile physiological solution of sodium chlo- 
ride and this was repeated until the tissue 
had been washed three times. Under sterile 
precautions an emulsion was made of this 
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thoroughly washed tissue by grinding it in a 
mortar with sand and about 4 cubic centi- 
meters of glucose-brain broth. Approximately 
1 to 1.5 cubic centimeters of this emulsion then 
was inoculated into tall tubes of glucose-brain 
broth and glucose-brain agar. 

Since most of the cultures from the ap- 
pendix yielded mixtures of streptococci and 
colon bacilli, since pure cultures of the strep- 
tococcus obtained by plating methods failed 
to produce lesions in the appendices of experi- 
mental animals, and since colon bacilli, if 
present in large numbers, usually killed rab- 
bits from overwhelming infection before le- 
sions of the appendix had time to develop, 
it was attempted to kill the colon bacilli by 
heating the inoculated tubes of glucose-brain 
broth and glucose-brain agar to 55 degrees C. 
for 45 minutes in a water bath. Most often 
(and this is the preferable method) they were 
heated before they had been incubated, al- 
though in some cases the cultures were incu- 
bated from 18 to 24 hours and if a mixed 
culture of streptococci and colon bacilli was 
obtained, they then were heated. The culture 
then was plated to determine its purity or 
the relative number of colon bacilli that 
remained. 

In the control cases of chronic arthritis, 
the cultures for injection of animals were 
obtained either from extirpated tonsils or 
from material expressed from tonsils in situ, 
by inserting a small laryngeal mirror between 
the tonsil and the anterior pillar and by 
applying pressure toward the base of the 
tonsil. By this means, material was expressed 
and by means of the mirror it was trans- 
ferred to gelatin-Locke solution. In the lab- 
oratory, the gelatin-Locke solution was intro- 
duced into tubes of glucose-brain broth and 
glucose-brain agar and on blood-agar plates. 
The 18 to 24 hour primary growth in the 
glucose-brain broth was injected into animals. 


RESULTS OF CULTURES 
Strains of streptococci were isolated from 
the nasopharynges of 13 patients suffering from 
acute, subacute, and chronic appendicitis. 
Of these cultures g were of nonhemolytic 
streptococci, and one was of a haemolytic 
streptococcus. In three instances the strep- 
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TABLE I.—RESULTS OF CULTURES FROM THE 
APPENDICES AND NASOPHARYNGES OF PA- 
TIENTS WITH APPENDICITIS AND FROM THE 
TONSILS OF PATIENTS WITH ARTHRITIS 

| 


Source of culture Cases Organisms isolated 





Appendices from 28 patients} 23 
with acute appendicitis 





Green producing streptococcus and 
colon bacillus (emulsion of wall) 
2 Streptococcus, staphylococcus, and 
colon bacillus 
3 Green producing streptococcus (lu- 
men of the appendix) 


Appendices from 28 patients} 1 








Streptococcus and colon bacillus 


a 


with subacute and chronic 2. | Streptococcus and staphylococcus 
appendicitis 3 Pure cultures of streptococci 
4 | Colon bacillus 
3 No growth 
Nasopharyngeal swabs from 9 Non-hamolytic streptococcus 
13 patients with appendi- 3 | Green producing streptococcus and 


citis gram-negative coccus 
I Hemolytic streptococcus 











Green producing streptococcus 

Green producing streptococcus and 
gram-negative coccus 

3 Hemolytic streptococcus 

I Streptococcus and staphylococcus 

I Hemolytic and green producing 

streptococcus 


Tonsils from 22 patients} 12 
with arthritis 











tococcus was associated with micrococcus 
catarrhalis. 

Up to this point the cases of appendicitis 
have been mentioned as a group, without sub- 
groups. In considering results of cultures and 
inoculation of animals, acute and chronic 
cases will be separated. The cultures obtained 
from the appendices in 28 cases of acute ap- 
pendicitis consisted chiefly of streptococci 
and colon bacilli. The former were present 
in predominating numbers and were morpho- 
logically typical diplostreptococci and strep- 
tococci in short chains which grew readily in 
ordinary media after the primary growth had 
occurred under reduced oxygen tension in tall 
tubes of glucose-brain broth. These strepto- 
cocci produced green pigmentation or indif- 
ferent colonies on blood agar. Twenty-five 
of these cultures were from emulsions of the 
wall of the appendix, and of these 23 con- 
sisted of mixed cultures of streptococci and 
colon bacilli, and 2 cases yielded strepto- 
cocci, staphylococci, and colon bacilli. The 
3 remaining cases which yielded pure cul- 
tures of green producing streptococci were 
obtained from material from the lumen of 
the appendix. 

Emulsions of the walls of 28 appendices in 
the cases of subacute and chronic appendicitis 
yielded the following results: streptococci 


and colon bacilli were cultured from 16 ap- 
pendices; streptococci and staphylococci from 
2; pure cultures of streptococci from 3, and 
pure cultures of colon bacilli from 4. The 
three remaining cultures were negative. Oxy- 
uris vermicularis was found in one appendix 
from which a pure culture of green producing 
streptococci was obtained. The indifferent 
streptococci were morphologically identical 
with the green producing streptococci. 

The results of cultures of material from the 
tonsils of 22 patients with arthritis are men- 
tioned in general in the section on results of 
inoculation of animals and are given in detail 
in Table I. 


RESULTS OF INOCULATION OF ANIMALS 


The number of strains and animals used in 
the inoculation experiments, the mortality 
rate, the incidence of lesions in, and the iso- 
lation of the streptococcus from, the different 
organs following intravenous injection of the 
organisms that had been isolated in the dif- 
ferent groups of cases are summarized in 
Table II. 

Throughout this study, rabbits weighing 
1,500 to 1,800 grams were given from 3 to 6 
cubic centimeters of the original glucose- 
brain broth culture by way of the marginal 
vein of the ear. Subcultures in glucose-brain 
broth, in a dosage of 7 to 12 cubic centi- 
meters, were used for the two subsequent 
injections given on successive days to those 
animals that survived. The animals that 
withstood the effects of the injection were 
chloroformed usually at the end of 7 to 10 
days after the first injection. 

At necropsy, the organs were carefully in- 
vestigated for gross lesions, and specimens 
of the heart’s blood as well as material aspi- 
rated from the lumen of the appendix, 
mesenteric lymph nodes, kidneys, and joints, 
were introduced into glucose-brain broth and 
spread on the surface of blood-agar plates. 
Appendices in which there were gross patho- 
logical changes were placed in 10 per cent 
formalin to prepare them for microscopic sec- 
tion. These were stained for cellular changes 
by haematoxylin and eosin. Also, they 
were stained for bacteria by the Rosenow 
modification of the Gram method which con- 
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TABLE II—ELECTIVE LOCALIZATION OF STREPTOCOCCI FROM THE APPENDICES AND NASO- 
PHARYNGES OF PATIENTS WITH APPENDICITIS AND FROM THE TONSILS OF PATIENTS WITH 


ARTHRITIS 























Source of culture 
oj | ow 
o|/°§ 
s E> S & 
3 & Y 
& 4.5 Sm 
yj 4 “ 
Appendices from patients with acute ap- 
pendicitis 20: | 35 1 92 
Appendices from patients with subacute 
and chronic appendicitis 20 | 30 | 60 
Nasopharyngeal swabs from patients with 
acute, subacute, and chronic appendicitis] 13 | 17 | 53 
Tonsils from patients with chronic arthritis} 22 | 31 | 39 
Strains from patients with acute appendici- 
tis after prolonged cultivation, which 
produced lesions of the appendix on iso- 
lation 8) 8| 25 








sists essentially of only partial decoloriza- 
tion after thorough staining in the gentian 
violet solution and fixation in Gram’s iodine 
solution. 

First, elective localization of organisms 
from the appendix of patients with appendi- 
citis was studied. Material from the lumens 
of these appendices was found to be unsuit- 
able for this work. Therefore the organisms 
which were cultured for the purpose of obtain- 
ing a growth for injection were obtained from 
the walls of the removed appendices. 

The elective localization in rabbits of organ- 
isms isolated from the appendix in 20 cases of 
acute appendicitis was studied in 35 rabbits. 
Pure cultures of streptococci were injected 
into 10 rabbits, mixed cultures of streptococci 
and colon bacilli were injected into 24 
rabbits, and in 1 case a mixed culture of 
streptococci, staphylococci, and colon bacilli 
was used. 

Streptococci were recovered from the ap- 
pendices in 21 (60 per cent) and lesions in 
the form of gross hemorrhages were found in 
17 (49 per cent) of the appendices of these 
animals. The streptococci were obtained in 
pure culture in 7 instances and in association 
with colon bacilli in the remaining 14 posi- 
tive appendiceal cultures. In 15 (43 per cent) 
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of the rabbits, there were marked hemor- 
rhages in the mesenteric lymph nodes and in 
7 (20 per cent) the mesenteric lymph nodes 
contained streptococci. In contrast to the 
predominating tendency of these strains of 
streptococci to become localized in the ap- 
pendix of rabbits, is the strikingly less fre- 
quent localization of them in other organs. 
Streptococci were cultured from the heart’s 
blood in 31 per cent, and in 37 per cent from 
the kidney. ‘Thus, in only 4 of the 35 rabbits 
were there haemorrhages in the stomach and 
in 2, gastric ulcers, a total of 17 per cent of 
lesions in the stomach. Gross lesions occurred 
in the heart in 5 (14 per cent), and in 2 (6 per 
cent) in the kidney. 

There was localization of streptococci in 
the joints of 3 (g per cent) of the 35 rabbits 
which received injections. Included in this 
group is one rabbit which received intrave- 
nous injection with the emulsion of the 
appendix from a case of acute appendicitis. 
‘This animal lived 48 hours. At necropsy, per- 
formed shortly after death, haemorrhages 
were found in the appendix and mesenteric 
lymph nodes. Streptococci were obtained in 
cultures of the mesenteric lymph nodes, but 
cultures from the appendix, joints, and heart’s 
blood did not yield streptococci. 
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Organisms obtained from the appendices in 
20 of the cases of subacute and chronic appen- 
dicitis were injected into 30 rabbits. Pure 
cultures of streptococci were injected into 
9g of these 30 rabbits. Mixed cultures of 
streptococci and colon bacilli were injected 
into 18 rabbits and in 3 instances only colon 
bacilli were injected. Streptococci were cul- 
tured from 19 of the 30 appendices (63 per 
cent). Gross lesions in the form of hamor- 
rhages were found in 12 (40 per cent) of the 
appendices. A pure culture of streptococci 
was obtained from 7 of the appendices, a 
mixed culture in 11, and only colon bacilli in 
6. Hamorrhages were observed and strepto- 
cocci cultured in glucose-brain broth from 6 
(20 per cent) of the mesenteric lymph nodes. 
There were hamorrhages in the mucous mem- 
brane of the stomach in 2 (7 per cent) and 
petechial ulcers in 2 (7 per cent). Three (10 
per cent) of the animals had gross lesions of 
the heart and kidneys. Streptococci were 
cultured from the heart’s blood in 6 (20 per 
cent), from the kidney in 9 (30 per cent), and 
from the knee joints in 4 (13 per cent). 

The original cultures obtained from the 
nasopharynges in cases of acute and sub- 
acute and chronic appendicitis were injected 
intravenously into 17 rabbits. Of the cultures 
from the appendices 9 (53 per cent) yielded 
streptococci and there were haemorrhages in 
7 (41 per cent) of the appendices. Strepto- 
cocci were obtained in pure culture from the 
mesenteric lymph nodes and in 5 (29 per 
cent) of these nodes there were hemorrhages. 
Petechial haemorrhages and ulcers were ob- 
served in the stomach in 7 (41 per cent). 
Streptococci were obtained from g (53 per 
cent) of the kidneys and in 9 cases from the 
heart’s blood. Five (29 per cent) of the ani- 
mals had slight hemorrhages in the myo- 
cardium and in one there were gross lesions 
in the kidney. Swelling of the joints was 
noted in two rabbits and positive cultures of 
streptococci were obtained from the turbid 
fluid in 5 (29 per cent). 

Cultures were made from the tonsils of 
22 arthritic patients, and the primary cul- 
tures in glucose-brain broth were injected 
intravenously into 31 rabbits. The material 
obtained directly from the tonsils, when 


streaked on blood agar was found to con- 
sist, chiefly, of green producing strepto- 
cocci, associated with smaller numbers of 
hemolytic streptococci, Micrococcus catar- 
rhalis, and staphylococci. Blood-agar-plate 
cultures, made from the primary culture of 
this material in glucose-brain broth, when 
injected, yielded green producing strepto- 
cocci only or green producing streptococci 
together with a few staphylococci. 

Of these 31 rabbits, hemorrhages of the 
joint developed in 16 (51 per cent), and there 
was swelling of one or more joints, or turbid 
fluid, in one or both knee joints. In 14 (45 
per cent) of the rabbits, streptococci identical 
morphologically with those injected, were 
isolated in cultures of the joint fluid. Hamor- 
rhages were seen in 3 (10 per cent) of the 
appendices of 3 rabbits and_ streptococci 
were obtained from the appendices of 5 of 
them (16 per cent). There were gross lesions 
of the mesenteric lymph nodes in 2 (6 per 
cent), and from both streptococci were ob- 
tained in culture. Five (16 per cent) had 
hemorrhages of the stomach but none had 
gastric ulcer. Streptococci were found in the 
heart’s blood in 8 (26 per cent) and subendo- 
cardial petechial haemorrhages in 6 (19 per 
cent). There were no gross lesions in the 
kidneys but the streptococci injected were 
recovered in culture of the kidneys in 9 
(29 per cent). 

tight strains of streptococci from the 
appendices of patients who had appendicitis 
had been filed in meat-infusion broth. ‘That 
they had produced lesions in the appendices 
of rabbits was known. After a period of 10 
to 12 months, subcultures of these 8 strains 
in glucose-brain broth were injected intrave- 
nously into 8 rabbits. Two of the animals 
were found dead at the end of 48 hours; the 
remainder were chloroformed, within from 
2 to 5 days. Cultures made from the heart’s 
blood contained streptococci in 2 cases and 
cultures made from the kidneys contained 
streptococci in 5 of the 8 animals. Growth 
was not obtained from the fluid from the 
knee joints or the mesenteric lymph nodes. 
Streptococci in association with colon bacilli 
were cultured from 2 of the appendices but 
these appendices were without lesions. Pe- 
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lig. 1. Section of the appendix, in a case of acute gan 
grenous appendicitis, removed 24 hours after onset of 
symptoms. There are marked leucocytic infiltration, be 
ginning sloughing of the mucous membrane, and oedema 
of the lymph follicle in the submucosa. (Hamatoxylin 
and eosin, X 60.) 


techial haemorrhages were found in the heart 
and stomach of one rabbit and in the mesen- 
teric lymph nodes of another. Lesions were 
not observed in the joints or the kidneys of 
any of these rabbits. 


SUMMARY OF RESULTS OF EXAMINATION 
OF TISSUE 


Although changes in tissue have been men- 
tioned earlier in this paper, it seems advisable 
to amplify this aspect of the work. The ap- 
pendices were removed at operation early in 
the attack in nearly all cases of acute appen- 
dicitis. They presented the usual gross pic- 
ture of marked congestion, with swelling of 
the wall and fibrinous exudation. In sections, 
marked leucocytic infiltration was found, 
usually, throughout the different coats and 
sometimes beyond the peritoneum. ‘The 
mucous membrane often was necrotic and 
partly sloughed away (Fig. 1). Search for 
bacteria was made in 13 sections. All of 








we 

Fig. 2. Diplococci in the tissues in 2 cases of acute 
appendicitis in man: a and b, from lesions of the submucosa 
shown in Figure 1; c, from the serosa of another case of 
acute gangrenous appendicitis. (Modified Gram’s stain 


X 800.) 





these, stained by the modified Gram-Weigert 
method, contained diplococci or streptococci 
in short chains, in the peritoneal coat, the 
mucosa, or the submucosa (Fig. 2). Gram 





Fig. 3. Section of the appendix of a rabbit in which 
there was marked evidence of haemorrhage of the appendix 
and mesenteric lymph nodes 24 hours after an intravenous 
injection of a culture containing a marked preponderance 
of streptococci and a few colon bacilli. The source of the 
organisms was the wall of the appendix in a case of acute 
appendicitis. There were necrosis, sloughing, and cellular 
infiltration of the mucosa and submucosa. (Hamatoxylin 
and eosin, X 20.) 








Fig. 4. Higher magnification of an area in the submucosa 
of the appendix from which Figure 3 was made. Poly- 
morphonuclear leucocytes and large and small round cells 
are in varying states of disintegration. (Haematoxylin and 
eosin, X 400.) 


negative bacilli, presumably colon bacilli, 
were found chiefly on the surface and in the 
superficial layers of the mucosa. They were 
never found in the peritoneal coat. Large 
gram positive bacilli, associated with fusi- 
form bacilli and diplococci, were seen in the 
peritoneal coat of two appendices. In many 
instances, only individual cocci or single pairs 
of diplococci were seen (Fig. 2, a and c). In 
other instances, clusters of diplococci (Fig. 
2, b) were seen usually within large collec- 
tions of lymphocytes. 

In those animals in which there were lesions 
in the appendix, the organ usually was found, 
on macroscopic examination, to be diffusely 
congested, swollen, and oedematous. How- 
ever, there were no evidences of haemorrhages 
or purulent exudation in the serosa nor were 
there adhesions to the surrounding structures. 
The lumen usually contained mucoid or muco- 
purulent material, especially in the distal end, 
which often was distended with exudate. 
Only occasionally was fecal material found 
in the proximal end of the appendices in 
which there were lesions, whereas in the ap- 
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Longitudinal section of an appendix of a rabbit 
which, 24 hours before, had received an injection of a 
primary culture in glucose-brain broth of material swabbed 


Fig. 5. 


from the throat in a case of acute appendicitis. Marked 
oedema, necrosis, and cellular infiltration are present in the 
large lymph follicles, oedema and cellular infiltration in 
the serosa and submucosa. (Haematoxylin and eosin, X45.) 


pendices in which there was neither mucus 
nor lesions, faecal material usually was found 
throughout the whole length of the lumen. 
Fecal concretions, similar to those seen in 
the appendices in human beings, were not 
found in a single instance. 

Hemorrhages of the appendices of the rab- 
bits were found chiefly in mucosa, submucosa, 
and immediately beneath the peritoneal coat. 
The number of hemorrhages varied from a 
few, in one or more sharply circumscribed 
areas and mostly in the distal end, to large 
numbers scattered throughout the entire 
appendix. 

Studies were made of sections of the ap- 
pendices of 22 rabbits in which gross lesions 
of the appendix appeared following injection 
of cultures made from the appendices or naso- 
pharynges of patients with acute, subacute, 
and chronic appendicitis. Microscopically, 








DORSEY: BACTERIOLOGY AND PATHOGENESIS OF APPENDICITIS 





Fig. 6. 
a few bacilli in the area of necrosis shown in Figure s. 
(Modified Gram’s stain, 1000.) 


Large numbers of gram-positive diplococci and 


the lesions consisted, chiefly, of oedema, 
hemorrhage, and superficial necrosis of the 
mucous membrane (Fig. 3), and necrosis in 
the centers of lymph follicles associated with 
relatively slight leucocytic infiltration (Figs. 
4, 5, and 6). Gidema and leucocytic infiltra- 
tion (Fig. 4) often consisting chiefly of eosino- 
philes were especially marked in the mucosa, 
in lymphoid follicles, and beneath the peri- 
toneal coat (Fig. 7). The Gram stain revealed 
a variety of organisms: gram-positive diplo- 
cocci or streptococci resembling those in- 
jected intravenously (Figs. 6, 8, and 9), 
gram-negative bacilli resembling escherichia 
coli, and large gram-positive bacilli resembling 
bacillus subtilis, and clostridium  welchii. 
With one exception, only the gram-positive 
diplococci or streptococci seemed to bear a 
causal relationship to the lesions found. At 
times masses of these were found in the centers 
of large regions of necrosis and of leucocytic 
infiltration (Figs. 5 and 6). The gram-positive 
and gram-negative bacilli were especially 
numerous and diffusely distributed without 
regard to lesions in those animals that suc- 
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Section of the appendix of a rabbit which 24 
hours before had received an injection of the primary cul- 
ture of streptococci made from material swabbed from the 
throat in a case of acute appendicitis. (£dema, necrosis, 
and leucocytic and round-cell infiltration extending es- 


Fig. 7. 


pecially throughout the mucosa, submucosa, lymph 
follicles, and serosa. (Hamatoxylin and eosin, X 60.) 


cumbed some time previous to necropsy. 
Diplococci or streptococci in short chains 
were found in lesions of the appendix in all 
but one instance, and this section was made 
from a region remote from the lesions noted 
at necropsy. The diplococci were found free 
in the mucopurulent material in the lumen 
and in the tissues where there was evidence 
of oedema, necrosis, or hemorrhage. They 
almost never were found in the normal tissues 
remote from lesions. They were present in 
large numbers in most of the sections al- 
though they were hard to find in others. 
They were successfully demonstrated in ani- 
mals that were chloroformed or died from 
the effects of the injection and in which cul- 
tures from the blood, joints, and kidneys did 
not afford growth. Frequently, they occurred 
in nests, especially within the lymph follicles 
in the lymphatic channels beneath the peri- 
toneum of the wall of the appendix. They 
were found in sections as early as 24 hours 
and as long as ro days after injection. 
Sections were made and studied of hamor- 
rhagic or cedematous mesenteric lymph nodes 
in 16 of the rabbits that showed evidence of 
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Fig. 8. Diplococci in the tissues of the appendices of 
rabbits: a and b, from section shown in Figure 7; c, from 
the appendix of a rabbit in which lesions in the appendix 
developed following intravenous injection with an emul- 
sion of the wall of an acutely inflamed appendix of a 
human being. (Modified Gram’s stain, X 1000.) 


lesions in the appendix. The abnormalities 
found were similar to those found in the 
appendix. Diplococci or streptococci in short 
chains (Fig. 9, a, b, and c) were demonstrated 
in all but two of these. 

Examination of the appendix and mesen- 
teric lymph nodes of 4 rabbits that received 
intravenous injections of cultures from the 
tonsils in cases of arthritis, disclosed diplo- 
cocci in only 1 appendix. 

SUMMARY AND CONCLUSIONS 

Streptococci isolated from diseased ap- 
pendices removed at operation on human 
beings have a most striking resemblance, 
morphologically and culturally, to the strepto- 
cocci isolated from the nasopharynges of 
patients suffering from appendicitis and to 
those obtained from tonsils of patients with 
arthritis. It would have been impossible, 
therefore, to determine the relation of strepto- 
cocci isolated from either of these sources to 
the disease from which the patient was suffer- 
ing unless animal experiments had_ been 
carried out. From my data it becomes clear 
that despite the morphological and cultural 
similarity of these streptococci their localiz- 
ing power varied greatly. Thus a glance at 
the figures in Table II shows that the propor- 
tion of lesions in the appendices of rabbits 
and in the joints of rabbits varied with the 





Fig. 9. Diplococci in the hemorrhagic, necrotic lymph 
nodes of two rabbits in which appendicitis developed fol- 
lowing intravenous injection of streptococci from patients 
with appendicitis: a and b, from the rabbit referred to in 
Figure 7; c, from a rabbit injected intravenously with 
streptococci isolated from the appendix in a case of acute 
gangrenous appendicitis. (Modified Gram’s stain, X 1000.) 


source of the material injected. When mate- 
rial derived from the nasopharynges or from 
the appendices of patients who had appen- 
dicitis was injected into animals, the incidence 
of localization in the appendices of the ani- 
mals was high. In these same animals the 
incidence of localization in the joints was 
low. On the other hand, when material from 
the tonsils of patients with arthritis was in- 
jected into animals, the incidence of localiza- 
tion in the joints of the animals was high and 
the incidence of the localization in the ap- 
pendices, low. This is entirely in accord with 
the observations of Rosenow in his studies on 
appendicitis and incidentally adds further 
support to the large mass of data which has 
been accumulated to substantiate the theory 
of elective localization. 

It should be emphasized that the use of 
original cultures, either pure or mixed, is an 
important factor in the success of studies 
such as this. This is brought out by the fact 
that cultures which had previously produced 
appendicitis lost their elective localizing power 
for the appendix after cultivation on artificial 
media for several months. 

Diplococci and streptococci in short chains 
were successfully demonstrated by the modi- 
fied gram stain in sections of appendices from 
human beings and in the appendices and 
mesenteric lymph nodes of rabbits. 
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The relation of focal infection to appen- 
dicitis is definitely shown by the marked 
contrast between the degree of localization in 
the appendices, of streptococci found in the 
nasopharynges of patients who had appendi- 
citis and those who had arthritis. It seems, 
then, that streptococci more often than colon 
bacilli or other bacteria which are isolated 
from the diseased appendix have definite etio- 
logical significance in appendicitis, that the 
nasopharynx may be the source of the strep- 
tococcus having this localizing power, and that 
appendicitis is commonly an hematogenous 
intramural streptococcal infection. 
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OBSERVATIONS UPON THE 
THE 


EXTERIORIZED APPENDIX OF 


DOG! 


P. N. HARRIS, BENTLEY COX, M.D., AnD ALFRED BLALOCK, M.D., NAsHviLi_e, TENNESSEE 


“INCE the description of appendicitis by 
itz in the latter part of the nineteenth 
\ century, much experimental work has 
been performed in an effort to determine the 
etiology of acute appendicitis. Studies have 
also been made upon the secretion of the ap- 
pendix with particular reference to the en- 
zymes which are present. In all of these 
studies, the appendix has either been left en- 
tirely in the peritoneal cavity or it has had 
its tip anchored to the anterior abdominal 
wall. 

Dr. Florey, of the Department of Pathology 
of Cambridge University, was kind enough to 
demonstrate to one of us (A. B.) a method by 
which he exteriorized a small piece of the 
colon with its mesenteric attachment intact 
for the purpose of studying the changes in 
color of the mucous membrane during excite- 
ment. This together with experience with the 
exteriorized spleen as described by Barcroft 
and Stephens suggested to us the possibility 
of exteriorizing the appendix together with a 
small part of the ileum and cecum. It was 
thought that this would afford an opportunity 
for making frequent observations after the 
various procedures had been carried out and 
that the secretion from the appendix could be 
collected without danger of intermixing with 
that from the small and large intestines. 


HISTORY 


Rabbits have been used in most of the ex- 
perimental work which has been done on the 
appendix. Ribbert (1885) tied off the appen- 
dix at the base and injected a culture of 
staphylococcus aureus into the tip. The ani- 
mals were sacrificed after 5'2 hours and 
staphylococci were found in the follicles. 

Roger and Josue (18), working on rabbits, 
found that a wax ball would not remain in 
the appendix when placed there. Ligature of 
the appendix without including the appen- 
diceal vessels produced no noteworthy lesion, 
while if the vessels were included in the liga- 


ture, death followed after a shorter or longer 
time. Ligation of the appendix and the injec- 
tion of a culture of bacillus coli resulted in 
death of the animals from suppurative ap- 
pendicitis. 

Beaussenat (1897) studied the effects on the 
appendices of rabbits of simple ligation, of 
partial occlusion, of the introduction of septic 
and aseptic foreign bodies with and without 
injury of the mucosa, of intra-appendicular 
and intra-intestinal injections with and with- 
out injury of the mucosa, of infection intro- 
duced into the circulation with and without 
injury to the mucosa, of interfering with the 
circulation of the appendix with and without 
the injection of organisms into the vessels of 
the appendix, of the intraparietal introduction 
of infection, of the production of intestinal 
irritation by the feeding of badly infected 
meat, and of the production of a blood stream 
infection when there had previously been in- 
flammation of the intestinal tract. He came 
to the conclusion that appendicitis could be 
produced by blood or lymph stream infection 
but that more commonly it resulted from in- 
fection of the intestinal tract. Bacillus coli 
was the prevailing organism. He believed that 
the pathogenicity of the organisms was in- 
creased greatly by injury to the mucous mem- 
brane. He was not able to keep foreign bodies 
in the appendix and they were expelled. 

Josue (1897) injected “strepto-bacilli” in- 
travenously in rabbits and obtained appendi- 
citis without having traumatized the mucosa 
of the appendix. The same results were ob- 
tained after the injection of intestinal con- 
tents. 

Anghel (1897) was unable to maintain for- 
eign bodies in the lumen of the appendix of 
rabbits. 

Gouget (1899) injected contaminated urine 
subcutaneously and as a result abscesses ap- 
peared at the site of the injection, in the mes- 
enteric lymph nodes, in the spleen, and in the 
appendix. 


1From the Department of Surgery, Vanderbilt University, Nashville, Tennessee. 
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Muehsam (1900) ligated the appendiceal 
vessels of rabbits and obtained gangrene of 
the peripheral parts of the appendix. After 
ligation of the appendiceal vessels, appen- 
dicitis was produced by intravenous and intra- 
appendicular injections. 

Adrian (1go1) injected the streptococcus, 
staphylococcus, pneumococcus, bacillus coli, 
bacillus typhosus, bacillus tuberculosis, and 
bacillus anthracis into the blood stream and 
obtained follicular appendicitis. He concluded 
that the appendix was a particularly vulner- 
able part of the body. 

Van Zwalenburg (1904) occluded the ap- 
pendices of dogs by a ligature and injected 
fluid under high pressure into the appendix. 
He states: ‘Experiments in dogs show that 
hydraulic pressure equal to the arterial ten- 
sion maintained within the lumen of the ap- 
pendix for a short time is promptly followed 
by typical appendicitis.” 

Richet and Saint-Givans (1911) injected 
bacteria into the blood stream of rabbits and 
produced lesions in the appendix. The lesions 
were covered up by other lesions produced by 
secondary infection from the intestinal tract. 

Heyde (1911) thought that anaerobic organ- 
isms played a very important rdle in the pro- 
duction of acute appendicitis. 

Boit and Heyde (1912) and Sprengel (1912) 
considered stagnation as the most important 
factor in the production of acute appendicitis. 

Heile (g) found changes in 6 of 100 appen- 
dices removed from apparently healthy dogs 
which resembled those found in man with 
acute appendicitis. He found that simple liga- 
tion of the appendix was followed by a restora- 
tion of the lumen, but he was able to produce 
what he considered complete occlusion of the 
lumen by the injection of paraffin into the 
wall of the appendix distal to a ligature which 
was tied very loosely. Complete occlusion 
produced in this manner never lead to peri- 
tonitis or death but to localized abscesses at 
the sites of the injection. However, if normal 
intestinal contents were placed in the appen- 
dix and the lumen occluded, death followed in 
1 to 5 days. Bacteria alone never caused de- 
structive inflammation. Heile (10) was un- 
able to confirm the work of the investigators 
who found that the infection of organisms in- 





Fig. 1. 
of the exteriorized appendix are shown in this drawing. In 
most instances, a slightly greater length of the ileum and 
cecum were left attached to the appendix. In some experi 
ments, the wall of the intestine was not cut across just at 
the base of the appendix as is shown here. 


The relative positions of the initial incision and 


to the blood stream led to severe inflamma- 
tion. He was very careful not to traumatize 
the appendix. The injection of sausage into 
the ligated appendix led to destructive in- 
flammation of its wall. 

Rosenow (1915) injected into rabbits iso- 
lated strains of organisms which were ob- 
tained from human appendices and _ tonsils. 
He states: ‘The results of the observations 
and experiments indicate that appendicitis, in 
the absence of foreign bodies, commonly is a 
hematogenous infection secondary to some 
distant focus; that it develops when, for some 
reason or other, the organisms in the focus, 
usually streptococci, have acquired an elec- 
tive affinity for the appendix and at the same 
time gain entrance into the circulation. 

Heile (12) as a result of experiments on 
more than 80 dogs could not confirm the 
origin of appendicitis by way of the blood 
stream. He believed that the neighboring 
colon with its varied bacterial flora made the 
origin of appendicitis from intestinal contents 
more probable. A normal appendix restored 
its lumen after ligation alone. A retention of 
bacteria in the appendix has never led to a 
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Fig. 2. An appendix which had had its lumen occluded 
by a ligature of tape for 48 hours is shown in this photo- 
graph. The appendix was very much enlarged due to its 
being tightly filled with fluid, and the peritoneal covering 
was quite red. 


destructive inflammation of the wall with 
progressive peritonitis but at most to a local 
abscess formation in the lumen. However, if 
intestinal contents were imprisoned, a severe 
destructive inflammation of the walls with 
perforation took place and this resulted in 
peritonitis and death. The course of the in- 
flammatory process was found to depend up- 
on the amount of material present which was 
capable of being split down. The more of 
enzymes and unsplit proteins that were in the 
appendix, the more rapid the inflammatory 
process; so that even 2 to 4 hours after be- 
ginning the experiment, great alterations were 
found in the appendix. He further noted that 
if food which was fully digested was occluded 
in the appendix together with the usual in- 
testinal flora no significant inflammation with 
tissue destruction resulted. Heile made the 
interesting comment that ordinary feces at 
the junction of the small and large intestine 
did not lead to severe inflamation but that 
in diarrhoea and overeating more of the food 
passed undigested into the ileocacal region. 
This was true of the protein in particular. He 
considered enteroliths dangerous only in that 
they contained unsplit proteins. However, he 
believed that occlusion was necessary, other- 
wise the peristaltic waves would carry away 
the toxins. He produced occlusion by placing 
strips of fascia around the appendix as well as 


Fig. 3. A photomicrograph showing an appendix which 
had been exteriorized for 40 days. The low magnification 
was used in order to show the entire thickness of the wall. 
The appendix appears essentially normal except for the 
thick layer of fibrin on its peritoneal surface. 


by injecting paraffin into the wall of the ap- 
pendix. Microscopic examination of the ap- 
pendices showed changes similar to those in 
acute appendicitis in man. 

The studies upon the secretions of the ap- 
pendix have not been numerous. Roger and 
Josue (19) demonstrated the presence of am- 
ylase in the appendices of rabbits by ligating 
the base and opening the tip. Strazesco (1904) 
made cecal fistula in two dogs and found in 
the secretion in small amounts erepsin, am- 
ylase, maltase, and invertase. He did not at- 
tempt to determine the secretions of the ap- 
pendix alone. These secretions were found to 
be entirely independent of feeding as well as 
the composition of the food. Heile (11), work- 
ing on dogs, performed an appendicostomy 
and so altered the base of the appendix that 
intestinal contents could not enter into it. 
Bags of gauze containing fibrin and cooked 
egg white were introduced into the appendix. 
Digestion took place indicating the presence 
of trypsin. The most active digestion took 
place 2 to 3 hours after meals. The method 
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employed was not suitable for the detection 
of other enzymes; hence Heile digested the 
mucous membrane of the human appendix 
and found trypsin, amylase, and invertase. 
Lactase and maltase were absent. 


METHOD 


All of the experiments were performed upon 
dogs. Females were used because of the great- 
er ease with which the dressings could be kept 
clean. The operation which was necessary for 
the exteriorization of the appendix was carried 
out as follows. An incision was made in the 
midline of the abdomen with the center of the 
incision at the level of the umbilicus. The ap- 
pendix was then located and it was delivered 
through the incision together with the termi- 
nal ileum and proximal cecum. After the in- 
testinal clamps were applied the ileum was cut 
across about 4 centimeters proximal to the 
appendix and the caecum was divided at an 
equal distance distal to the appendix. The 
mesentery was not disturbed. Either an end- 
to-end or a side-to-side anastomosis was then 
made between the ileum and cecum, thereby 
restoring the continuity of the intestine. A 
stab incision was made in the right side of the 
abdomen at the level of the umbilicus. Care 
was taken to see that the stab incision was 
very near to the ileocecal region in order to 
avoid any tension on the mesentery. The ap- 
pendix with the attached ileum and cecum 
was pushed through the stab incision. The 
original midline incision was closed. In most 
of the experiments a longitudinal incision was 
then made through the walls of the exterior- 
ized ileum and caecum and the free edges were 
sutured to the surrounding skin. This left all 
of the mucous membrane exposed. In several 
instances, the wall of the intestine was left 
intact for a short distance just at the base of 
the appendix. The opening of the appendix 
into the ileocecal region was easily visible. 
Bleeding from the mucous membrane of the 
intestine was controlled by the sutures which 
held it to the skin. A large amount of sterile 
vaseline was placed over the mucous mem- 
brane and the appendix in order to avoid irri- 
tation by the dressing. A roll of gauze was 
then applied around the abdomen in a circular 
direction. A jacket which was made of cotton 
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cloth with perforations for the legs of the ani- 
mal was then placed on and this was held in 
position by safety pins. Daily dressings were 
performed during the first week following the 
operation. The appearance of the preparation 
at the completion of the operation is illustrat- 
ed in Figure 1. 

The movements of the appendix and the 
reactions of the mucous membrane of the 
small and large intestine following stimulation 
were observed. Many attempts were made to 
block the lumen of the appendix by placing 
foreign bodies in it. The foreign bodies which 
were employed included balls of paraffin, cork, 
rubber balloons, and solid glass covered by 
rubber. Attempts were made to occlude the 
lumen of the appendix at its base by freeing 
one edge of the mucous membrane in this area 
and suturing it across the opening. In other 
instances, ligatures of catgut were placed 
around the base of the appendix without oc- 
cluding its blood supply. In several experi- 
ments, the base of the appendix was occluded 
by a broad piece of tape which did not include 
the appendiceal blood vessels. 

The secretion from the appendix was ob- 
tained by inserting the tip of a syringe into 
the lumen of the appendix at its base and 
making suction. The secretion was tested for 
the presence of invertase, maltase, erepsin, 
amylase, lipase, pepsin, trypsin, and lactase. 

RESULTS 

The peritoneum covering the appendix be- 
came quite reddened as a result of placing it 
outside the peritoneal cavity. There was very 
little alteration in the color of the mucous 
membrane. Approximately 2 weeks after an 
appendix had been exteriorized, it began to 
diminish in size slowly. The decrease in size 
was probably due to a constricting effect ex- 
erted by scar tissue which formed around the 
pedicle. In one appendix which had been ex- 
teriorized for 40 days and in another which 
had been exteriorized for 100 days, a perfora- 
tion appeared in the tip. This again was 
probably due to a poor blood supply and the 
tip was the most vulnerable point. The mi- 
croscopic appearance of an appendix which 
had been exteriorized for 40 days is shown in 
Figure 2. A ligature of catgut or silk, when 
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placed around the base of the appendix with- 
out occluding the blood supply, cut through 
after 1 or 2 days, and the contents of the ap- 
pendix were discharged through the perfora- 
tion. 

Every effort directed toward maintaining 
foreign bodies in the lumen of the appen- 
dix was unsuccessful. The peristaltic waves 
were extremely vigorous. ‘The contractile 
powe1 of the sphincter at the base of the ap- 
pendix was very strong, and it was only with 
difficulty that foreign bodies could be inserted 
past it. The secretion of the appendix was 
usually expelled in a spurt at the end of a 
peristaltic wave. 

In another series of experiments, the lumen 
of the appendix at its base was occluded by a 
broad piece of tape. The tape was so placed 
that it did not cause occlusion of the blood 
supply. A marked distention of the appendix 
followed in less than 24 hours as a result of 
the inability of the secretion of the appendix 
to escape. The appearance of the appendix 
was similar to that seen in hydrops of the gall 
bladder. A photograph of an appendix which 
had had its lumen occluded for 48 hours by a 
ligature of tape is shown in Figure 3. After 2 
to 4 days, a perforation appeared in the wall 
of the appendix. The site of the perforation 
in all instances was slightly distal to the tape 
which had been placed around the base. In 
order to be sure that the extraperitoneal loca- 
tion of the appendix did not alter the results, 
several experiments were performed in which 
the appendix was left in the peritoneal cavity 
after a ligature of tape had been placed around 
its base. Alterations in the location of the ap- 
pendix did not seem to change the results. An 
appendix which had had its base occluded by 
tape for from 2 to 4 days showed on micro- 
scopic examination the presence of fibrin on 
its peritoneal surface and leucocytes in the 
muscular coats. 

The enzymes which were found in the secre- 
tion from the appendix were amylase, inver- 
tase, trypsin, and erepsin. Pepsin, lactase, 
maltase, and lipase were tested for but not 
demonstrated. The secretion consisted in the 
main of mucus. A few white blood cells and 
a few epithelial cells were usually found on 
microscopic examination. 
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DISCUSSION 


The method of studying the appendix 
which is described here has both advantages 
and disadvantages. Chief among the disad- 
vantages is the fact that an intraperitoneal 
structure is placed on the outside where it is 
subjected to irritation by the dressing. It also 
has the objection that there is a slowly pro- 
gressive occlusion of the blood supply by the 
scar tissue which forms around the mesenteric 
attachment. It has the advantage that the 
appendix can be observed constantly in the 
essentially normal, non-narcotized dog. It 
allows one to collect the secretions from the 
appendix without danger of contamination by 
those from the remainder of the intestinal 
tract. It offers the opportunity for a study of 
the mucous membrane of both the large and 
small intestines in the unanesthetized dog. 

Many investigators have failed in the 
attempt to block the lumen of the appendix of 
the rabbit or dog by placing foreign bodies in 
it. We were also unsuccessful in our efforts 
even though the appendix had been placed 
outside the peritoneal cavity. 

The experiments of Van Zwalenburg in 
which he produced acute appendicitis in dogs 
have been mentioned previously. He injected 
fluid under very high pressure into the lu- 
men of the appendix distal to a ligature which 
had been placed around its base. The ex- 
periments which are reported here in which 
a ligature of tape was placed around the 
base of the appendix produced a condition 
very similar to that reported by him. The 
inability of the secretion of the mucous mem- 
brane to escape produced a marked distention 
of the appendix with some evidence of acute 
inflammation. 

If the appendix of man has as vigorous 
peristaltic waves as does that of the dog, it is 
difficult to believe that acute appendicitis is 
produced simply by the lodging of a concre- 
tion in its lumen. It is possible that the es- 
cape of a foreign body which happens to be in 
the appendix is prevented by a concurrent 
swelling and oedema of the mucous membrane. 
Here again, if the contractions of the appendix 
of the human approach at all closely in 
strength those of the dog, it is difficult to un- 
derstand how the swelling could take place 
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quickly enough to prevent the escape of a 
foreign body. It is possible that a difference 
in the strength of contractions may explain 
the frequency of appendicitis in man and the 
infrequency in dogs. The fact that the appen- 
dix of the dog is usually larger than that of 
man may also be a factor. 

In summary, it is not certain whether ap- 
pendicitis in man is or is not frequently the 
result of simple blockage of the lumen of the 
appendix. However, since a condition which 
simulates acute appendicitis can be produced 
in dogs by occluding the lumen by a ligature 
of tape and since the appendix of the dog is 
larger and probably has more forceful con- 
tractions, it is believed that some instances of 
appendicitis in man result from simple 
blockage of the lumen. 

The enzymes which were found in the secre- 
tions from the appendix of the dog were 
amylase, invertase, trypsin, and erepsin. 
These enzymes have to do respectively with 
the splitting of starch to dextrin and maltose, 
with the changing of sucrose to glucose and 
fructose, with the conversion of the higher 
proteins to peptones and proteoses, and with 
the formation of amino acids from the pep- 
tones and proteoses. Heile (11) digested the 
mucous membrane of the human appendix 
and demonstrated the presence of amylase, 
invertase, and trypsin. The fact that three of 
the four enzymes which were found in the 
dog’s appendix have been demonstrated in 
the human appendix suggest that the func- 
tions of the appendix in man and dog are 
quite similar. ‘The copious secretion and the 


presence of the various enzymes lead one to 
think that the dog’s appendix has to do with 
the digestion of food and not with the absorp- 
tion of fluids. 





577 


SUMMARY 


1. An operation has been described by 
which the appendix of the dog can be placed 
outside the peritoneal cavity. 

2. Various attempts which were made in 
an effort to block the lumen of the appendix 
by placing foreign bodies in it were un- 
successful. 

3. The occlusion of the lumen of the appen- 
dix at its base by a ligature of heavy tape 
results in a great increase in the size of the 
appendix with evidences of acute inflam- 
mation. 

4. Amylase, invertase, trypsin, and erepsin 
were found in the secretions of the appendix. 
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TRAUMATIC ASPHYXIA 


Witn Report oF Five ADDITIONAL CASES 
WILLIAM R. LAIRD, M.D., F.A.C.S., ann MILTON C. BORMAN, M.D., F.A.C.P., MonTGOMERY, WEST VIRGINIA 


From the Montgomery Clinic 


“ARAUMATIC asphyxia or traumatic 
cyanosis was probably first described 
by Ollivier, of Anvers, in 1837 and 

later by Tardieu in 1870. In discussing the 
history of the study of this condition, Burrell 
and Crandon state: 

“Classic and horrible examples of this are 
to be found in: the rush of the mob at the 
Champ de Mars, June 14, 1837, where 23 
persons were crushed; the Pont de la Concorde 
panic in Paris, August 15, 1866, where a mob 
crowded g of its number to death; the Vienna 
Ring Theater Fire, December 8, 1881, with 
nearly 1,000 fatalities; the panic at Victoria 
Hall, Sunderland, June 16, 1883, where 
nearly 200 children rushed into a closed cor- 
ridor and were asphyxiated by crushing; and 
most recently at the Charity Bazaar Fire in 
Paris, May 4, 1897.” 

In the panic occurring in a ball park May 
19, 1929, in New York City, two deaths oc- 
curred (Kennard). In each, the evidence of 
asphyxia was pronounced. One was believed 
to have died from the asphyxiation incident 
to the pressure of the feet of the crowd upon 
the chest. The other had in addition frac- 
tured ribs. 

Besides accidents that produce terror in 
large numbers of people with resulting panic, 
the industrial age has begun to claim trau- 
matic asphyxia victims. Compression by 
elevators, cranes, steam shovels, street cars, 
cow-catchers, and wagon wheels may be 
mentioned. Mine accidents such as slate 
falls, compression between mine cars, or 
between the mine top or side and a moving 
car have caused several cases. Perhaps the 
most unusual report we found was that of 
two sailors accidentally rolled as by a mangle 
into a ship’s sail (Story). 

It is interesting to note that since Heuer 
reported his case in 1923, 6 of the 11 cases of 
traumatic asphyxia described in the literature 
were caused by automobile accidents. One 


of the 5 cases we are herein reporting was 
produced in an auto-truck accident. The 
4 remaining were coal mine injuries. 


INCIDENCE 


Since first noted in 1837, many cases of 
traumatic asphyxia have appeared in the 
literature. Heuer, in 1923, collected 127 cases 
including one of his own. We have found 11 
more cases, a brief summary of each of which 
we include in this article. We have added 5 
new cases observed by us in the past 214 
years in a series of over 32,000 hospital and 
clinic patients in an industrial field. Five 
other physicians in industrial practices in 
Southern West Virginia recalled, out of 
approximately 75,c0o major accident cases, 
only 2 of traumatic asphyxia. ‘These 2 cases 
have not been reported. This suggests that 
the condition is relatively rare or not always 
recognized. Modern textbooks on surgery 
refer to the subject very briefly, or make no 
mention whatever of it. 


CLINICAL SUMMARY 


Although in his paper published in 1923 
Heuer referred more particularly to the visual 
disturbances associated with traumatic as- 
phyxia, he has given the best clinical sum- 
mary we have found in the literature. These 
patients present themselves with a history 
of immediately preceding severe compression 
of the thorax, abdomen, or both with com- 
plete or partial cessation of respiration for 
varying periods of time. The brilliant pur- 
ple discoloration of the skin of the face, neck, 
and upper chest, and the vivid blood-red 
conjunctive present a truly startling clinical 
appearance. The characteristic lesion from 
which the condition receives its name is the 
skin discoloration which may be reddish- 
violet or even black, and covers the face, 
neck, upper chest to the level of the nipples, 
the upper arms to the insertion of the deltoid 





























muscles, and the back to the angles of the 
scapula producing the so-called “double 
trapezius triangles.” On close examination, 
the discoloration is seen to be due to minute 
ecchymotic spots so_numerous_as_to_appear 
confluent. ‘The subconjunctival haemorrhage 
may be extensive, and is usually lozenge 
(Robertson) or wedge-shaped occupying the 
area of the exposed portions of the bulbar 
conjunctiva covering the sclere. There may 
be a marked bulbar and palpebral conjunc- 
tival oedema so that the patient is unable to 
close his eyes, which have the appearance of 
exophthalmos. ‘There may be hemorrhages 
from all mucous membranes. Unconscious- 
ness occurs frequently. Convulsions and 
milder mental disturbances due to cortical 
irritation occur less frequently. The respira- 
tory and cardiac functions may be markedly 
depressed. Ettinger noted cardiac dilatation 
and hematuria. Pulmonary congestion and 
cedema with other evidence of intrathoracic 
damage are revealed by hemoptysis, blood- 
tinged frothy expectoration, and bubbling 
rales, with elevation of temperature on the 
third or fourth day suggesting a ‘‘contusion 
pneumonia.” This condition usually promptly 
clears up. Ecchymosis of the soft tissues 
about the site of compression, and fractured 
bones, especially the ribs and pelvis, are noted. 
Hemothorax, pneumonia, empyema, mul- 
tiple pulmonary abscesses, pleural effusion 
followed by empyema, open thoracic wounds, 
and subcutaneous emphysema have occurred. 
Associated abdominal lesions have been 
clinically rather uncommon. Contusions and 
lacerations of the soft tissues of the trunk, 
extremities, cord, peripheral nerves, and frac- 
tured spines have been observed. Numerous 
eye changes have been reported including the 
subconjunctival hemorrhage hereinbefore de- 
scribed, exophthalmos, proptosis oculi, pupil- 
lary changes, temporary and complete vision 
loss, retinal oedema, hemorrhage into prac- 
tically all portions of the eye, and optic 
atrophy. Death is usually the result of the 
more serious associated lesions. 


PATHOLOGICAL PHYSIOLOGY 


Green states that in addition to cessation 
of respiration in this condition, the venous 
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blood in the large veins of the thorax, neck, 
and head are forced backward into the capil- 
laries of the skin. Perthes believed that the 
cause of discoloration is extravasation of 
blood, either minute or more extensive 
subcutaneous effusions or hemorrhages. The 
peculiar limitation of the cyanosis he ex- 
plained by the absence of functioning valves 
in the innominate and internal jugular veins 
except a pair where the jugular enters the 
innominate. These are irregular and _ in- 
competent. There are two pairs in the ex- 
ternal jugular: one at its junction with the 
subclavian and the other just above the 
clavicle. Both sets of valves are incompetent. 
We have noted in one of our cases that the 
cyanosis was less pronounced in the left 
face and neck than in the right. Huerter 
mentions the probable vasomotor paralysis 
with vascular distention as a factor in the 
production of cyanosis. Beach and Cobb 
removed two pieces of cyanosed skin under 
local anesthesia, and sectioning revealed no 
extravasation of blood into the tissues. This 
is corroborated, they believe, by the blanching 
on pressure and the rapid disappearance 
without passing through the various stages 
of discoloration as shown where blood is 
extravasated into the tissues. These histo- 
logical findings were corroborated by Winslow 
and also in our study of one patient. 

We have noted that in addition to its being 
the last to clear up, the discoloration of the 
sclere passes through the various color 
stages of extravasated blood. We have 
attempted to shrink the vessels by applying 
1:1000 dilution of adrenalin hydrochloride 
which has caused contraction only of the 
vessels at the margin of the discoloration. 
Pressure has produced no change. In 3 of 
our patients who recovered, we observed 
that the scleral discoloration was definitely 
wedge-shaped, with the apices pointing to- 
ward the canthi. The remaining portions of 
the sclera above and below the iris were 
white and later became icteroid in color. 
We are unable to explain the wedge-shaped 
discoloration upon anatomical arrangement 
of blood supply. We have noted the most 
intensely discolored portions of the sclere 
were those exposed to light and air, not being 
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covered by the eyelids. This is the same site 
in which pinguecule are found. It is our 
belief that the eyelids help support the ves- 
sels and prevent their rupture in that portion 
of the sclera normally covered by the palpe- 
bre. This opinion is strengthened by the 
collar-like band of almost normally colored 
skin around the necks of traumatic asphyxia 
patients described by Conwell and Couillie 
due, no doubt, to the skin being supported 
by the external pressure of the collar bands 
worn by the patients at the time of the in- 
jury. Similarly, the skin beneath suspenders 
and hat bands has been reported normal. It 
is our belief that in traumatic asphyxia there 
is actual subconjunctival hemorrhage parti- 
ally due to the lack of supporting tissue. Such 
hemorrhage is seen in old persons after strain- 
ing or violent coughing and in children during 
whooping cough. 

Normally, a negative pressure exists in 
each intrapleural cavity. The elevation of 
the ribs and the pulling down of the dia- 
phragm in inspiration increase the size of 
the intrapleural cavities, and the pressure 
drops from minus 5 to minus to millimeters of 
mercury. This drop in pressure pulls apart 
the elastic structures in the thorax; for 
example, the lungs and the large veins, thus 
exerting a sucking action on the blood flowing 
into the thorax through the large veins. In 
expiration, the opposite obtains. The intra- 
pleural space is made smaller and pressure 
rises. If further pressure is applied externally 
to the thorax, as when a heavy weight such 
as falling slate in a mine is applied to the 
thorax, or if the chest is caught between two 
opposing forces and a squeezing action ex- 
erted, as when a miner is caught between two 
cars, the intrapleural space is made smaller 
and the pressure therein becomes positive. 
The degree to which this pressure may be 
raised must be tremendous! Macleod states 
that when “the respiratory passages are 
blocked and a forced expiration is made, as 
for example in the first stage of coughing or 
during such acts as defecation and parturi- 
tion, the thoracic cage is compressed upon 
the viscera with the result that the air in the 
lungs assumes a positive pressure, amounting 
to 100 millimeters mercury.” 


How much greater must be the positive 
pressure when the acting forces are not the 
patient’s muscles, but the sudden vise-like 
compression exerted by a ton of falling slate 
on one side and the unyielding rock floor of 
a mine on the other. It is easy to see how 
sudden reflux of the blood occurs with possible 
actual rupture of delicate vessels. 

Concerning the production of this condi- 
tion, Crile states that compression of the 
trunk produces traumatic asphyxia. Von 
Morian reports the case of a coal miner 
pinned across the thighs by a loaded car and 
held for 90 minutes, in whom the left leg for 
its entire length from a hand’s breadth 
below the inguinal fold down to the malleoli 
was bluish in color due to innumerable small 
ecchymoses. The cyanosis extended above 
the zone of compression in the mid-thigh, but 
at the zone of compression and in the foot the 
skin was not discolored. That the condition 
reported by von Morian is one of “traumatic 
cyanosis” there is no doubt. This suggests 
the advisability of using the term ‘‘ traumatic 
asphyxia” to connote the cyanosis of the 
face, head, neck, and upper chest, associated 
with compression of the chest and the upper 
abdomen when breathing is suspended for 
an abnormal length of time. The term 
“traumatic cyanosis” could then readily be 
applied to a condition as described by von 
Morian. It is further advised that we use 
the term “epileptic cyanosis” to describe 
the condition occasionally noted following a 
severe attack of grand mal epilepsy. 

Couillie has recently reported a case of a 
white male, aged 28 years, subject to oc- 
casional epileptic seizures, who consulted his 
physician because of his deeply cyanosed 
face and bilateral subconjunctival hzmor- 
rhages. Seven months before, the patient 
had had a similar, but milder, attack. There 
was a sharp line of demarcation at the level 
of the collar band. The case is described as 
one of traumatic asphyxia, the strangulating 
agent being the unyielding collar band operat- 
ing during the congestion and partial as- 
phyxiation of the epileptic fit. An account of 
the case was sent to the late Professor Harvey 
Littlejohn, of Edinburgh, who expressed the 
opinion that it was undoubtedly “a case of 
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so-called traumatc asphyxia caused by the 
collar-band compressing the jugulars, to- 
gether with the partial asphyxia, high blood 
pressure, and fixation of the chest caused by 
the epileptic fit.” The author further states 
that ‘‘so far as I can ascertain, my case is 
the only one on record which did not originate 
in compression of the chest and abdomen by 
external violence.”” Alexander, in 1909, re- 
ported a case of “stasis cyanosis” following 
an epileptic seizure, simulating traumatic 
asphyxia. This patient also wore a collar 
which was described as being tight, below 
which the skin was of normal color. Alexander 
quotes several other writers on the subject of 
hemorrhage and cyanosis in epilepsy, stating 
further: ‘I am inclined to believe that fac- 
tors producing this condition are similar to 
those causing traumatic asphyxia, namely, 
a fixed thorax, a closed glottis, and increased 
intrathoracic pressure, a lack of aeration of 
the blood, and the incompetent and absent 
valves of the jugular, subclavian, and facial 
veins.” In this connection, one of the authors 
has recently examined the body of an epileptic 
who had hung himself. There was a moderate 
degree of cyanosis of the face and neck. 
Above the skin compressed by the noose, the 
color was a faint violet. A section of tissue 
from the cyanosed area was examined histo- 
logically, and no evidence of change was 
noted except for probable dilatation of the 
capillaries. 

Goldschmidt and Light have recently de- 
scribed ‘‘a cyanosis unrelated to oxygen un- 
saturation produced by increased peripheral 
venous pressure.” They noted that when 
the arm is allowed to hang vertically from 
the shoulder and kept stationary, a greater or 
less degree of engorgement of the veins of 
the forearm and hand occurs. The skin of 
the hand, wrist, and lower part of the forearm 
takes on a bluish color of varying intensity. 
They present evidence showing that no 
marked increase in oxygen saturation of the 
venous blood occurs under these conditions. 
On the contrary, in the majority of cases it 
was either decreased or remained the same 
as the value obtained from blood drawn under 
conditions where the blue color of the skin 
was not present. They conclude that when 


the arm is allowed to hang down and kept 
stationary the resulting engorgement of the 
capillaries and the venules may be a primary 
cause of blueness of the skin in the absence 
of an increase in oxygen unsaturation of the 
blood in these vessels; that the immediate 
cause of dilatation of the capillaries and the 
subcapillary venules when the arm is hanging 
down is the increased hydrostatic pressure 
imposed upon the blood in the veins. There 
results in consequence an opening up and 
engorgement of the venules and at least a 
portion of the loop of the capillaries in the 
papillz of the skin. 


NECROPSY FINDINGS 


Subdural hemorrhage has been found by 
Ollivier in a single case. Others have found 
no other cerebral change except congestion. 
The brain singularly escapes injury. The 
pulmonary changes noted have been oedema, 
congestion, apoplexy, haemothorax, ruptured 
lung, multiple abscesses, thrombosis, and 
bronchopneumonia. Increased fluidity of the 
blood, and subserous hemorrhages occur. 
These haemorrhages are customary findings 
in asphyxiated patients. Among the ab- 
dominal lesions noted have been h«mo- 
peritoneum, herniz, and rupture of various 
abdominal viscera. Bones are frequently 
broken, especially the ribs, clavicles, ex- 
tremities, jaw, pelvis, and vertebre. 

PROGNOSIS 

The prognosis in this type of injury is 
exceedingly grave. Of the 5 cases we have 
seen, 2 died soon after admission to this hos- 
pital. The 3 others recovered and are living 
today. Unreported cases, no doubt, occur, 
intervening death or inability to recognize 
the condition precluding their report. Beach 
and Cobb state that the patients who live 
without the immediate aid of artificial 
respiration and oxygen will always be ex- 
traordinarily rare. Only 1 of the 3 patients 
who recovered in our cases had oxygen, and 
only 1 of them had artificial respiration 
immediately following the injury. Of the 143 
cases included in this report, 27 were dead or 
died a few minutes after being seen. Of the 
116 cases surviving the initial injury, 104 
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covered by the eyelids. This is the same site 
in which pinguecule are found. It is our 
belief that the eyelids help support the ves- 
sels and prevent their rupture in that portion 
of the sclera normally covered by the palpe- 
bre. This opinion is strengthened by the 
collar-like band of almost normally colored 
skin around the necks of traumatic asphyxia 
patients described by Conwell and Couillie 
due, no doubt, to the skin being supported 
by the external pressure of the collar bands 
worn by the patients at the time of the in- 
jury. Similarly, the skin beneath suspenders 
and hat bands has been reported normal. It 
is our belief that in traumatic asphyxia there 
is actual subconjunctival hemorrhage parti- 
ally due to the lack of supporting tissue. Such 
haemorrhage is seen in old persons after strain- 
ing or violent coughing and in children during 
whooping cough. 

Normally, a negative pressure exists in 
each intrapleural cavity. ‘The elevation of 
the ribs and the pulling down of the dia- 
phragm in inspiration increase the size of 
the intrapleural cavities, and the pressure 
drops from minus 5 to minus 1o. millimeters of 
mercury. ‘This drop in pressure pulls apart 
the elastic structures in the thorax; for 
example, the lungs and the large veins, thus 
exerting a sucking action on the blood flowing 
into the thorax through the large veins. In 
expiration, the opposite obtains. The intra- 
pleural space is made smaller and pressure 
rises. If further pressure is applied externally 
to the thorax, as when a heavy weight such 
as falling slate in a mine is applied to the 
thorax, or if the chest is caught between two 
opposing forces and a squeezing action ex- 
erted, as when a miner is caught between two 
cars, the intrapleural space is made smaller 
and the pressure therein becomes positive. 
The degree to which this pressure may be 
raised must be tremendous! Macleod states 
that when ‘“‘the respiratory passages are 
blocked and a forced expiration is made, as 
for example in the first stage of coughing or 
during such acts as defecation and parturi- 
tion, the thoracic cage is compressed upon 
the viscera with the result that the air in the 
lungs assumes a positive pressure, amounting 
to 100 millimeters mercury.” 


How much greater must be the positive 
pressure when the acting forces are not the 
patient’s muscles, but the sudden vise-like 
compression exerted by a ton of falling slate 
on one side and the unyielding rock floor of 
a mine on the other. It is easy to see how 
sudden reflux of the blood occurs with possible 
actual rupture of delicate vessels. 

Concerning the production of this condi- 
tion, Crile states that compression of the 
trunk produces traumatic asphyxia. Von 
Morian reports the case of a coal miner 
pinned across the thighs by a loaded car and 
held for 90 minutes, in whom the left leg for 
its entire length from a hand’s breadth 
below the inguinal fold down to the malleoli 
was bluish in color due to innumerable small 
ecchymoses. The cyanosis extended above 
the zone of compression in the mid-thigh, but 
at the zone of compression and in the foot the 
skin was not discolored. That the condition 
reported by von Morian is one of “traumatic 
cyanosis” there is no doubt. This suggests 
the advisability of using the term ‘traumatic 
asphyxia” to connote the cyanosis of the 
face, head, neck, and upper chest, associated 
with compression of the chest and the upper 
abdomen when breathing is suspended for 
an abnormal length of time. ‘The term 
“traumatic cyanosis” could then readily be 
applied to a condition as described by von 
Morian. 
the term “epileptic cyanosis” to describe 
the condition occasionally noted following a 
severe attack of grand mal epilepsy. 

Couillie has recently reported a case of a 
white male, aged 28 years, subject to oc- 
casional epileptic seizures, who consulted his 
physician because of his deeply cyanosed 
face and bilateral subconjunctival hamor- 
rhages. Seven months before, the patient 
had had a similar, but milder, attack. There 
was a sharp line of demarcation at the level 
of the collar band. The case is described as 
one of traumatic asphyxia, the strangulating 
agent being the unyielding collar band operat- 
ing during the congestion and partial as- 
phyxiation of the epileptic fit. An account of 
the case was sent to the late Professor Harvey 
Littlejohn, of Edinburgh, who expressed the 
opinion that it was undoubtedly ‘“‘a case of 
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so-called traumatc asphyxia caused by the 
collar-band compressing the jugulars, to- 
gether with the partial asphyxia, high blood 
pressure, and fixation of the chest caused by 
the epileptic fit.” The author further states 
that “‘so far as I can ascertain, my case is 
the only one on record which did not originate 
in compression of the chest and abdomen by 
external violence.”” Alexander, in 1909, re- 
ported a case of “stasis cyanosis” following 
an epileptic seizure, simulating traumatic 
asphyxia. This patient also wore a collar 
which was described as being tight, below 
which the skin was of normal color. Alexander 
quotes several other writers on the subject of 
hemorrhage and cyanosis in epilepsy, stating 
further: “I am inclined to believe that fac- 
tors producing this condition are similar to 
those causing traumatic asphyxia, namely, 
a fixed thorax, a closed glottis, and increased 
intrathoracic pressure, a lack of aeration of 
the blood, and the incompetent and absent 
valves of the jugular, subclavian, and facial 
veins.” In this connection, one of the authors 
has recently examined the body of an epileptic 
who had hung himself. There was a moderate 
degree of cyanosis of the face and neck. 
Above the skin compressed by the noose, the 
color was a faint violet. A section of tissue 
from the cyanosed area was examined histo- 
logically, and no evidence of change was 
noted except for probable dilatation of the 
capillaries. 

Goldschmidt and Light have recently de- 
scribed ‘“‘a cyanosis unrelated to oxygen un- 
saturation produced by increased peripheral 
venous pressure.” ‘They noted that when 
the arm is allowed to hang vertically from 
the shoulder and kept stationary, a greater or 
less degree of engorgement of the veins of 
the forearm and hand occurs. The skin of 
the hand, wrist, and lower part of the forearm 
takes on a bluish color of varying intensity. 
They present evidence showing that no 
marked increase in oxygen saturation of the 
venous blood occurs under these conditions. 
On the contrary, in the majority of cases it 
was either decreased or remained the same 
as the value obtained from blood drawn under 
conditions where the blue color of the skin 
was not present. They conclude that when 


the arm is allowed to hang down and kept 
stationary the resulting engorgement of the 
capillaries and the venules may be a primary 
cause of blueness of the skin in the absence 
of an increase in oxygen unsaturation of the 
blood in these vessels; that the immediate 
cause of dilatation of the capillaries and the 
subcapillary venules when the arm is hanging 
down is the increased hydrostatic pressure 
imposed upon the blood in the veins. There 
results in consequence an opening up and 
engorgement of the venules and at least a 
portion of the loop of the capillaries in the 
papille of the skin. 


NECROPSY FINDINGS 


Subdural hemorrhage has been found by 
Ollivier in a single case. Others have found 
no other cerebral change except congestion. 
The brain singularly escapes injury. ‘The 
pulmonary changes noted have been cedema, 
congestion, apoplexy, haemothorax, ruptured 
lung, multiple abscesses, thrombosis, and 
bronchopneumonia. Increased fluidity of the 
blood, and subserous hemorrhages occur. 
These hemorrhages are customary findings 
in asphyxiated patients. Among the ab- 
dominal lesions noted have been hxemo- 
peritoneum, hernia, and rupture of various 
abdominal viscera. Bones are frequently 
broken, especially the ribs, clavicles, ex- 
tremities, jaw, pelvis, and vertebra. 


PROGNOSIS 


The prognosis in this type of injury is 
exceedingly grave. Of the 5 cases we have 
seen, 2 died soon after admission to this hos- 
pital. The 3 others recovered and are living 
today. Unreported cases, no doubt, occur, 
intervening death or inability to recognize 
the condition precluding their report. Beach 
and Cobb state that the patients who live 
without the immediate aid of artificial 
respiration and oxygen will always be ex- 
traordinarily rare. Only 1 of the 3 patients 
who recovered in our cases had oxygen, and 
only 1 of them had artificial respiration 
immediately following the injury. Of the 143 
cases included in this report, 27 were dead or 
died a few minutes after being seen. Of the 
116 cases surviving the initial injury, 104 
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recovered, and 12 died. Death is due to 
associated extensive injuries to important 
structures or to infectious complications. 


SUMMARIES OF CASES IN THE LITERATURE 


The following are brief summaries of cases 
reported in the literature since Heuer’s col- 
lected series of 127 cases appeared in May 
1923. 


Davison, in 1922, reports the case of a boy aged 12 years 
who ran headlong into the radiator of an automobile. The 
youth was almost in extremis, in a profound state of shock. 
There was cyanosis of the scalp, face, lips, and neck. There 
was bilateral subconjunctival hemorrhage. The sputum 
was frothy, blood stained, and the patient developed a 
cough. A cellular emphysema of the neck and chest was 
noted. The right lung had collapsed, and there was a for- 
ward dislocation of the sternal end of the left clavicle. Re- 
covery was practically complete in 4 weeks. 

Lawrence, in February, 1923, reports the case of a pa- 
tient who in a wreck was pinned beneath the back of the 
front seat of an automobile. The patient regained con- 
sciousness 30 minutes after being removed from the wreck. 
The eyelids were puffy and red. The pupils reacted to 
light and accommodation. The forehead, face, neck to the 
shoulder points, down to the sternal notch and in the 
trapezius muscle areas behind were of a peculiar bluish red 
cyanotic color with pale spots between. Other petechial 
areas resembled minute subcutaneous hemorrhages. The 
discoloration disappeared on pressure. Patient was dis- 
charged in good condition 12 days after admission. 

Travers, in March, 1923, reported the case of a white 
male, 47 years old, who was squeezed for 20 minutes be- 
tween the top of an overturned automobile weighing 3,000 
pounds and the ground, the car resting on the lower part of 
his chest. The following were noted: cyanosis of the face 
and neck, protruding eyeballs, bulging conjunctive, sub- 
conjunctival haemorrhages, and epistaxis. Patient was 
pulseless and unable to see light until 12 hours after the 
accident. The blindness was believed to be due to hamor- 
rhage surrounding the ocular nerve. There were fractures 
of the left transverse processes of the seventh, eighth, and 
ninth vertebra. About 3 months later, vision of the right 
eye was 20/15, fundus clear; left eye, 20-15, slight change 
in both arteries and veins. Field of vision was contracted. 
Small central scotoma was present in the left eye. The 
disk was white. 

Bager, on April 15, 1924, reported a patient whose chest 
was crushed between two cars and held for 1 minute. 
There was no loss of consciousness. Bager discusses the 
reasons for the retention of consciousness, why blindness 
is common early, with complete vision recovery as in his 
case in 2 weeks. He believes that the pre-existing pressure 
in the rigid skull and orbit evidently protect against the 
influx of blood during the compression. 

Kunz, in May, 1924, reports that the trunk of a previ- 
ously healthy man was squeezed down by an elevator. 
Severe and profuse stasis haemorrhage followed which de- 
veloped evidently inside the skull as well as in the skin. 
This was relieved by lumbar puncture. The last trace of 
paralysis subsided by the end of the third month. 

Romiti, in April, 1926, reported that a male, aged 41 years, 
was pinned between an automobile and the ground. When 
examined go minutes later, he was still unconscious. His 
head and neck were swollen and discolored a bluish-black. 
Very soon the upper chest assumed the same color. There 
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were many striations of varying lengths on the anterior sur- 
face of the chest. The blue tint was due to stasis in the 
venules and to numerous punctiform hemorrhages or ex- 
tensive ecchymoses. Tenderness was noted over the fourth 
and fifth ribs, but fluoroscopy was negative. Normal color 
was regained in 10 days. The author observes that we must 
take into account both the passive agent and the active 
voluntary or reflex movements. 

Conwell, in January, 1927, reports 4 cases. A male, 
aged 22 years, was pinned beneath a truck and suffered a 
fractured pelvis, involving the superior ramus and the 
right pubis. He remained unconscious for several minutes. 
There was a definite strip of normal tissue at the base of 
the neck where the collar had been buttoned. The face and 
neck were cyanotic and severe bilateral subconjunctival 
hemorrhage was present, impairing vision. The symptoms 
had disappeared in 2 weeks. The second was a white male, 
aged 16 years, injured in a similar manner. In addition to 
traumatic asphyxia, he suffered an extensive skull fracture. 
He died 16 hours after the accident. The third, a white 
male, aged 22 years, had the chest and abdomen crushed 
between a crane and wall. He died 8% hours after injury. 
The fourth patient, a female, aged 22 years, was injured in 
an automobile accident. She had marked subconjunctival 
hemorrhage in the left eye. There was a chip fracture of 
the right ulna in its upper third. The cyanosis had cleared 
up 11 days later except for the subconjunctival hemorrhage 
which had practically disappeared on the nineteenth day. 
Conwell states that convulsions are seldom present; that 
the subconjunctival hemorrhage is invariable; that death 
was probably never due directly to the asphyxia, but to 
associated injuries. 

Rosenblatt, in June, 1927, reported the case of a single, 
white, Polish laborer aged 30 years who was compressed 
against a stone wall by a steam shovel. He suffered great 
pain and shock. An indigo blue color appeared on the skin 
of the face, neck, and upper portion of the shoulders. There 
was extensive bilateral subconjunctival hemorrhage. A 
double fracture line was present in the inferior ramus of the 
pelvis with displacement of the fragments, with fracture of 
the superior ramus, the second rib, and with dislocation of 
the left clavicle. Patient was discharged 63 days after the 
accident and was well 2 months thereafter. 

Von Morian, in January, 1926, reports an interesting 
case, which we suggest should be called “traumatic cyano- 
sis.” The patient, a coal miner, of 33 years, was pinned 
across the thighs by a loaded car, and held for 90 minutes. 
Neither wound nor fracture was found, but there was 
complete paralysis of the right leg which disappeared in a 
few days. The left leg for its entire length was a bluish 
color due to innumerable small ecchymoses, beginning a 
hand’s breadth below the inguinal fold and running to the 
malleoli, hence above the zone of compression which was 
the mid-thigh. At the point of pressure, and in the foot, no 
discoloration was noted. The cyanosis faded away in a 
fortnight. 


Because of the absence of chest pressure 
and upper abdominal pressure with resulting 
circulatory disturbances within the thorax 
we prefer to call this a case of “traumatic 
cyanosis” rather than “traumatic asphyxia” 
and therefore have omitted it in this series. 

The appearance of cyanosis of the face 
with bilateral subconjunctival hemorrhage 
in the male epileptic patient referred to 
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previously as reported by Couillie in Sep- 
tember, 1928, might be considered also as a 
case of traumatic asphyxia. We prefer to 
call this condition “epileptic cyanosis.” 

The 5 following traumatic cases were ob- 
served in a hospital service during the past 
2% years. This may appear to be a large 
group of cases for individual authors to report 
especially when it is known that the cases 
occurred singly. M. Ollivier, in 1837, re- 
ported a large series with 23 deaths occurring 
in the rush of a mob. ‘Tardieu studied 30 
victims of a panic, of whom g died, as well as 
several cases of Professor Hardy’s injured 
by a stampede produced by a falling wall. 
rich Lange, in 1913, reported 7 cases. 
L. E. Robertson, in 1914, reported 6 cases. 
The next largest numbers reported are 4 by 
I’. Voelcker, in 1900; 4 by KE. R. Ruppaner, 
in 1904; and 4 by H. EF. Conwell, in 1927. 


Case 1. No. Bo393. C.E.T. A white male 
mining engineer, aged 52 years, while riding on a 
mine motor, was caught between the top of the mine 
and the car. He was not believed to have been ren- 
dered unconscious although there was practically 
complete cessation of breathing for several minutes. 
When rescued from his pinched-in position, he pre- 
sented an extremely dark purplish discoloration of 
the face, neck, and upper chest and marked bilateral 
ocular conjunctival hemorrhage. He was markedly 
dyspnocic and had a brassy cough. He complained 
of severe pain in his chest. He was admitted to the 
hospital 2 hours after the accident. The cyanosis 
was still present. There were several superficial 
abrasions over the chest wall and upper abdomen. 
Despite rest, elevation, and the administration of 
morphine sulphate and digitalis, the patient died 6 
hours after admission. Necropsy was not performed. 

CASE 2. No. Bri802. R.H. A white male, 18 
years old, was caught in a slate fall in a coal mine. 
His body and extremities remained covered by a pile 
of slate during the 20 minutes required by co- 
workers to recover his body. He was alive but un- 
conscious when admitted to the hospital 45 minutes 
after the accident occurred. He remained uncon- 
scious for 5 hours after admission. On admission, 
his temperature was 98.2 degrees F.; pulse rate, 110; 
respiratory rate, 22; blood pressure, 104-60. ‘There 
was marked cyanosis of the right half of the head, 
neck, and chest. ‘The cyanosis was a diffuse, bright 
purple. The sclere were a brilliant blood red. The 
palpebr were purple, the right being more intensely 
colored than the left and moderately oedematous. 
The right ramus of the maxilla in its mid-portion 
was completely fractured. There was a com- 
minuted fracture in the upper third of the right 
femur. The cardiac action was unduly prominent, 
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the precordium heaving. The cardiac apex was 
visible and palpable in the fourth interspace 6 centi- 
meters to the left of the midsternal line. There was 
a loud slapping systolic murmur, heard best over the 
apex. A crackling sound was heard over the fourth 
interspace to the left of the sternum. The second 
heart sound over the lower sternum was pistol-shot, 
clear, and ringing in quality. During the height of 
inspiration, breath being held, the crackling sounds 
practically disappeared. When the breath was held 
at the end of expiration, the sounds were intensified. 
Oxygen was given and external heat applied. Mor- 
phine sulphate hypodermically followed by elixir 
bromides and chloral hydrate in drachm doses were 
used thereafter to keep patient quiet and comfort- 
able. The right lower extremity was placed in 
Buck’s extension. Patient remained at rest for 2 
months. On the third day after admission, the dis- 
coloration of the skin became a dusky purple, and 
at its margin on the chest there were small red 
punctate areas in the skin. (See Fig. 1.) One 
month after admission, the cyanosis had completely 
cleared up except for the hemorrhage in the right 
sclera which was wedge-shaped with the apices 
pointing toward the canthi. The labored cardiac 
action subsided at the end of the first week and the 
crackling sounds heard over the sternum disap- 
peared at the end of the second week. Patient’s 
urine contained large amounts of urobilin. ‘The 
icterus index studied at repeated intervals during 
the 2 months of hospitalization revealed normal 
figures. The blood Wassermann was 2 plus, the 
Meinicke was negative. The ophthalmoscopic ex 
amination was negative. X-ray of the spine revealed 
a compression fracture of the third and fourth lum- 
bar vertebra. Eighteen months after the injury, 
when he returned, he was still walking on crutches 
with paresis of the left lower extremity and left toe 
drop. 


This case should teach a valuable lesson. 
Multiple bone fractures and especially frac- 
tures of the vertebra should be suspected in 
every patient with traumatic asphyxia. 


CASE 3. No. Br3,480. L. J. Patient was a col 
ored male, aged 28 years, a coal loader in the mines. 
While at work, he was pinned beneath a large slate 
fall which his foreman stated weighed about 2 tons. 
Patient was completely buried beneath this slate 
which was estimated as varying from 1 to 2 feet in 
thickness. After about 20 minutes, he was finally 
extricated when the slate had been elevated with 
jacks. He was unconscious and occasionally took a 
deep gasping breath. He was given one-half grain 
morphine sulphate hypodermically. No artificial 
respiration was practiced or oxygen administered. 
It was believed that the patient would expire in a 
few minutes. There was marked cyanosis of the 
face, neck, and upper chest. During the day, the 
patient gradually improved. His pulse became 
stronger, the respirations became relatively normal, 
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and about 10 hours after the accident he was re- 
moved to the hospital. He was still unconscious. 
There was apparent exophthalmos with oedema and 
hemorrhage in the conjunctiva and sclere. There 
was a dark purple discoloration extending over the 
upper half of the chest, neck, and right face. The 
blood pressure was 120-84; the cardiac rate 130; the 
heart sounds were subnormal in intensity, but nor- 
mal in duration and rhythm. Ophthalmoscopic ex- 
amination revealed normal eyegrounds. Patient 
rapidly improved and was discharged from the hos- 
pital 8 days after admission. X-ray revealed no 
evidence of fractured ribs. Patient’s blood Wasser- 
mann and Meinicke tests were both 3 plus. He gave 
a history of an apparently initial luetic lesion. ‘Ten 
weeks after the accident, patient had not returned 
to work. He occasionally spat up blood streaked 
sputum. His general physical condition, however, 
was excellent. The discoloration of the sclera had 
completely disappeared. Another ophthalmoscopic 
examination revealed normal retina, disks, and reti- 
nal vessels. Patient is living and well 5 months after 
the injury. X-ray of the lumbar and lower thoracic 
spine revealed no evidence of fracture. 

CasE 4. No. B13,728. R.T.H. The patient, a 
white male 36 years old, was driving a truck when 
its right front wheel collapsed, and the truck turned 
over three times. No information could be secured 
as to whether or not patient was squeezed or uncon- 
scious. At the hospital, 2 hours after injury, ex- 
amination revealed a mottled, dusky purple dis- 
coloration over the face and ears extending to the 
lower margin of the jaw. The eyelids were oedema- 
tous and purple, and the sclere were blood red in 
color. ‘There was a punctate red mottling extending 
down the neck to a level about 2 inches below the 
clavicle. Ophthalmoscopic examination revealed 
normal fundi. Patient gradually became stuporous 
and died 3 days after admission. 

Necropsy performed 2 hours after death revealed 
fractures of the first five right ribs in the right ante- 
rior axillary line with partial haemothorax. Em- 
physema of the subcutaneous tissues was present 
over the right pectoral and axillary regions. There 
was a right pneumothorax, with bronchiolitis, ate- 
lectasis of the right lung, compensatory emphysema 
of the left lung, a bronchopneumonia, and passive 
hepatic congestion with pericholecystic adhesions. 
Each cusp of the aortic valve showed a normal free 
margin but an incomplete leaflet, each leaflet giving 
the appearance of being perforated beneath its free 
margin. The left kidney weighed only 76 grams 
while its fellow weighed 220 grams. Histologically, 
there was a bilateral renal congestion, but no other 
change in either kidney. The spleen showed lym- 
phoid hyperplasia. 

CasE 5. No. B13,777. A.H. Patient was a col- 
ored male coal miner 21 years old. Eleven hours 
before admission to the hospital, he was wedged 
between a moving mine car and top of a mine. The 
motor was reversed and patient withdrawn. Arti- 
ficial respiration was given. It was 20 minutes be- 
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fore patient breathed properly. He was unconscious 
for one-half hour. On admission to the hospital, 
the skin of the face and neck and upper chest 
down almost to the nipple line was dark purple in 
color. The sclerez were a bright blood red in color. 
Although there was considerable chest pain, no 
fractured ribs could be demonstrated by physical 
examination or X-ray, and no other evidences of 
abnormality were found. Five days after admission, 
the optic disks and the retina were examined and 
reported normal. One week after admission, the 
only evidences of injury were the slightly discolored 
palpebre and the blood red sclere. Pressure applied 
to the scler produced no change. Adrenalin hydro- 
chloride in 1:1000 dilution produced apparent con- 
traction of the vessels only at the margin of the 
scleral discoloration, which in its mid-portion was 
dark purple in color. This discoloration was wedge- 
shaped on each side of the pupil, with the apex of the 
wedge pointing toward the canthi. Above and below 
the pupils the sclere were clear except for a definite 
icteroid tinge. Ophthalmoscopic examination was 


negative. Patient is alive and well 3 months after 
injury. 
SUMMARY 
In the foregoing paper on _ traumatic 


asphyxia, we have presented a brief citation 
of various panics and public calamities result- 
ing in traumatic asphyxia, the different situa- 
tions in our social and economic life reported 
as producing the condition, the incidence, 
symptoms, pathogenesis, pathological physi- 
ology, necropsy findings, and prognosis of 
traumatic asphyxia. The literature has been 
reviewed and the cases collected and briefly 
described since the date of Heuer’s summary 
in May, 1923. Five additional cases coming 
under our own observation during the past 
21% years are added, making a total of 143 
reported cases. 
CONCLUSIONS 

1. Although only 138 cases of traumatic 
asphyxia have been reported heretofore in 
medical literature, it is probable that the 
condition is more frequently found than the 
literature would indicate. 

2. Among the factors responsible for the 
morbidity of this condition are the occurrence 
of panics in large crowds, the collapse of struc- 
tures seating or housing large collections of 
people, human negligence, our desire for speed, 
and the consequent use of machinery in in- 
dustry and vehicles for rapid transportation. 

3. The invariable subconjunctival hamor- 
rhage noted in this condition has a peculiar 
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lozenge or wedge-shaped distribution due 
probably to lack of supporting tissues. 

4. Unsuspected multiple bone fractures, 
especially fractured vertebra, may be asso- 
ciated with the condition and may remain 
undetected in patients who recover unless 
thorough X-ray study of the bony framework 
is performed. 

5. The probabilities of associated injuries 
to the abdominal and intrathoracic viscera 
must be remembered. 

6. The cyanosis noted in this condition is 
probably essentially due to capillary and 
venous dilatation and engorgement as re- 
vealed by histological studies and the re- 
cently reported studies of Goldschmidt and 
Light who have shown that cyanosis may be 
produced without change in the oxygen con- 
tent of the blood. 

7. For the sake of accuracy and clarity, 
we suggest that the term “traumatic as- 
phyxia” be applied to patients in whom there 
has been squeezing compression of the chest 
and upper abdomen with cessation of respira- 
tion for an abnormal length of time, with 
resulting cyanosis, subconjunctival haemor- 
rhage, and the typical syndrome hereinbefore 
described; that local cyanosis, occurring for 
example in an extremity following local 
trauma or pressure be called ‘traumatic 
cyanosis”; and that the rarely observed 
cyanosis developing in the face, neck, and 
upper chest during an attack of grand mal 
epilepsy be termed ‘epileptic cyanosis.” 
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THE 


INCREASED TOLERANCE 


SURGERY, GYNECOLOGY AND OBSTETRICS 


OF PREGNANT RABBITS FOR 


INSULIN’ 


GEORGE VAN S. SMITH, M.D., ann GEORGE A. MARKS, M.D., BRookLINE, MASSACHUSETTS 


an experiment that was instigated by 

the papers of ‘Titus and his associates, 
in which low blood sugar values and rapid 
fluctuations of the blood sugar level in eclamp- 
sia were reported. It was thought that the 
administration of insulin to rabbits during 
pregnancy, by generally lowering the blood 
sugar level and by causing fluctuations in that 
level, would result in diminished liver reserve 
and increased susceptibility to the strain of 
pregnancy. It was hoped that an upset in 
carbohydrate metabolism would lead to a 
syndrome in rabbits that would give a lead 
in the investigation of eclampsia, or at least 
give some information concerning the carbo- 
hydrate changes in pregnancy. 

During this experiment, which was begun 
in December, 1928, the rabbits were fed on a 
weighed diet consisting of 100 grams of oats, 
100 grams of greens (lettuce, cauliflower 
leaves, and celery), 100 grams of carrots, and 
about 60 grams of alfalfa hay daily. Water 
was given ad lib. Insulin was administered 
subcutaneously. 

The urine was tested for albumin by the 
nitric acid method. Frequently the heat and 
acetic acid method was used as well. 

Blood sugars were determined by the micro 
method of Folin. The reagents were fre- 
quently checked and Folin’s modifications 
and improvements were followed constantly. 


‘T= following work represents part of 


Experiment 1. On the fifteenth day after being 
served doe rabbit No. 3 (weight 4.119 kilograms) 
received ro units of insulin in two doses of 5 units 
each, morning and evening. On the sixteenth day 
it received 12 units in the same way. The dose of 
insulin was thus increased daily so that on the 
thirty-first day the animal received 42 units. It 
showed no evidence of any upset. By the nitric acid 
test the urine was consistently negative for albumin. 
The doe kindled normally; the litter was normal. 
After kindling the doe weighed 4.135 kilograms. 

Seven weeks later the experiment was repeated 
in exactly the same fashion, the animal (weight 
4.205 kilograms) not being pregnant. On the fif- 
teenth day, after it had received 39 units in the 


previous 24 hours, convulsions occurred. It died 
despite the administration of pituitrin and glucose. 
At autopsy the gross findings were negative. The 
microscopic examination of tissues was negative 
with the exception of the thyroid which showed 
considerable atrophy. The liver was apparently 
normal, 

Experiment 2. Rabbit No. 4 (weight 4.872 kilo- 
grams), not pregnant, received insulin in increasing 
doses starting with 12 units (6 units morning and 
evening). It had convulsions on the tenth day, 
having had 31 units in the previous 24 hours. 

Experiment 3. Rabbit No. 6 (weight 2.776 kilo- 
grams), 22 days pregnant, having fasted 16 hours, 
was given 15 units. T'welve blood sugar tests during 
the next 6 hours were as follows: 


(a) 90.9 © (d) 63.0— (g) 45.8 = (j)«55-5 
(b) 56.3 (e) 56.5 (h) 42.5 (k) trace 
(c) 60.0 (f) 48.7 (i) 39.0 (1) 31.5 


There were no convulsions. It kindled normally; 
the litter was normal. Five months later it received 
16 units of insulin, having fasted 16 hours. It was 
not pregnant and weighed 2.925 kilograms. Con- 
vulsions occurred in 3 hours and 8 minutes. 

Experiment 4. Doe rabbit No. 13 (weight 3.125 
kilograms), received 10 units on the tenth day of 
pregnancy, 20 units on the eleventh day, and 24 
units on the twelfth, thirteenth, fourteenth, and 
fifteenth days. On the twentieth, twenty-first, 
twenty-second, and twenty-third days it received 
24, 26, 28, and 35 units respectively. On the twenty- 
fourth day, having fasted 12 hours, it received 16 
units. Blood sugars during the following 6 hours 
were: 

(a) 71.5 (c) 58.0 (e) 115.0 
(b) 67.5 (d) 61.0 (f) 78.5 
It received 16 more units that evening. The next 
morning (twenty-fifth day, weight 3.555 kilograms) 
food was withheld and 20 units were given. Mild 
convulsions occurred 2 hours and 54 minutes later. 
It delivered itself of a dead litter 80 hours and 19 
minutes later, after which its weight was 3.360 
kilograms. At no time did the urine give a positive 

test for albumin. 

Experiment 5. Doe rabbit No. 14 (weight 2.797 
kilograms), received 7 units on the fifteenth day of 
pregnancy, 16 units on the sixteenth day (in two 
doses of 8 units), 18 units on the seventeenth day, 
etc., until the thirtieth day when the dose was 44 
units. Blood sugars taken 2.5 to 3.5 hours after 
morning insulin were: 

(a) 21st day: 83; 72.8; 48.2 (d) 24th day: 75; 67.5 
(b) 22d day: 66; 70 (e) 27th day: 55 
(c) 23d day: 87; 65 (f) 30th day: 78 
On the morning of the thirty-first day the animal 


1 The beginning of an investigation into the toxemias of pregnancy supported by Mrs. William Lowell Putnam at the Fearing Research Labora- 


tory, Free Hospital for Women, Brookline, Massachusetts. 
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was found dead. The first fetus that had passed 
into the vagina was firmly wedged in the pelvis. 
There was no evidence of convulsions. At autopsy 
the gross and microscopic examinations were all 
negative. 

Experiment 6. On May 31, 1929, doe rabbits No. 
4, No. 8, and No. 18, not pregnant (weights 5.135, 
4.515, and 3.545 kilograms, respectively), and rab- 
bits No. 12 and No. 17 (weights 3.695 and 3.520 
kilograms), 19 and 26 days pregnant respectively, 
all received 16 units of insulin, no food having been 
placed in their cages since the previous morning. 
All three non-pregnant animals went into convul- 
sions; the pregnant animals were apparently un- 
affected despite the fact that they were smaller. 


Since doe rabbit No. 3 had been receiving 
ro to 18 units of insulin daily for 19 days 
before the actual start of the experiment and 
had had convulsions during that period, its 
increased tolerance during the latter half of 
pregnancy seemed especially impressive. Rab- 
bit No. 4, though larger and heavier, did not 
tolerate as much insulin as No. 3 under the 
same experimental conditions. In a number 
of other instances, it was found that greater 
weight and size did not give one rabbit more 
tolerance for insulin than another. This fact 
makes definite conclusions almost impossible 
unless the reactions of the same rabbit while 
pregnant be compared to those while not 
pregnant. 

In doe No. 6 the convulsive blood sugar 
level was remarkably low: while pregnant its 
blood sugar following insulin hovered around 
30, the usual convulsive level in rabbits, and 
no convulsions occurred; while not pregnant 
its blood sugar 38 minutes before convulsions 
supervened was 31, at which time the level 
must have been considerably lower. 

Although it was not determined exactly 
how much insulin would throw rabbits No. 3, 
No. 6, and No. 14 into convulsions during the 
latter part of pregnancy, it is probable that 


they could have tolerated at least two or 
three units more which would have made the 
contrast more marked. 


SUMMARY 


Since the original plan in this experiment 
was to determine the effect of various methods 
of insulin administration on pregnant rabbits, 
no carefully organized effort was made to 
compare their tolerance for insulin with that 
of non-pregnant rabbits, and the above proc- 
tocols are given more as suggestive evidence 
than as proof. At the start it was more or less 
assumed that pregnant rabbits would be more 
susceptible toinsulin. Contrary to expecta- 
tion they seemed to thrive during the experi- 
ment as did also the non-pregnant rabbits. 
Apparently in the latter third of pregnancy 
they can mobilize their glycogen more rapidly 
and completely or, what is more probable, 
can call upon their fetuses for glycogen in an 
emergency, or depend upon them to utilize 
the extra insulin. 


CONCLUSION 


From the evidence at hand it is concluded 
that: 

1. Insulin cannot be related to the pro- 
duction of a toxemia of pregnancy in rabbits 
under the experimental conditions herein 
outlined. 

2. Pregnant rabbits in the latter third of 
their gestation period have a greater tolerance 
for insulin than do non-pregnant rabbits. 
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PRECONCEPTION OVARIAN IRRADIATION: ITS INFLUENCE 


SURGERY, GYNECOLOGY AND OBSTETRICS 


UPON 


THE DESCENDANTS OF THE ALBINO RAT (MUS NORVEGICUS) 


DOUGLAS P. MURPHY, M.D., F.A.C.S., PHttaApELPHIA 


Gynecean Hospital Institute of Gynecologic Research of the University of Pennsylvania 


r is a well known fact that the ovaries 
| and especially their follicular elements 

are peculiarly sensitive to radium and 
roentgen irradiation.' Furthermore, a few 
defective and unhealthy children have been 
born after relatively prolonged exposures of 
the mothers to these two agents. The question 
has, therefore, naturally arisen as to whether 
the maternal irradiation has in any way been 
responsible for these disturbances of health 
and growth in the children. 

Recent clinical studies by the author have 
summarized our knowledge regarding the 
health of the first generation of descendants 
from women receiving therapeutic ovarian 
radium or roentgen irradiation prior to con- 
ception (3, 4, 6). On the basis of these studies 
it was concluded that such maternal treatment 
does not injure the health or growth of any 
subsequent children. 

It could not be determined, however, 
whether or not the preconception irradiation 
caused any latent condition in the children— 
any damage which might be passed on to a 
succeeding generation and there appear for 
the first time. Information to this end was 
lacking, because none of the children whose 
health was studied had as yet reached mature 
age. Since many heritable traits are known to 
skip one generation, a further investigation 
was considered necessary, especially in view of 
the importance of irradiation in gynecological 
practice and also because of certain conflicting 
observations which are the result of animal 
experimentation.” 


EXPERIMENTS 


A group of virgin albino rats was selected 
and each animal subjected to a single radium 


1 When referring to animal treatment, the term “irradiation” applies 
to the use of radium. When referring to human treatment, it applies to 
radium and the roentgen-ray. By the expression “roentgen irradiation” 
is meant the therapeutic exposure—not the degree of exposure commonly 
employed for diagnostic purposes. 


*The literature dealing with ovarian irradiation before fertilization 
was recently reviewed by the author (3). 


exposure of each ovary, prior to being mated. 
Those which remained fertile in spite of the 
treatment and their offspring form the basis 
for the present report. ‘The investigation was 
concerned, mainly, with the health of the 
descendants of these animals, and especially 
that of the second generation. 

In planning the experiment the circum- 
stances met with in practice, when women of 
child-bearing age are exposed to substerilizing 
amounts of therapeutic pelvic irradiation, 
were duplicated as closely as possible. Mat- 
ing was permitted only with non-irradiated 
males and was delayed for a short time (14 
days) following treatment. This postpone- 
ment of mating was carried out in order that 
no ova which were in the oviducts at the time 
of irradiation should have an opportunity of 
becoming fertilized. It was desired that an 
ovum later to become fertilized should be in 
the ovaries at the time of the treatment. 
Furthermore, according to Donaldson, the life 
cycle of the rat passes with a speed which is 
30 times more rapid than that of man. There- 
fore, a 14-day interval between treatment and 
mating of the former would be equivalent to 
14 months in the case of the human. 

For a number of reasons, the rat was 
selected for study. As it is a mammal, it 
structurally resembles man. Furthermore, it 
is small, reproduces frequently, and gives 
birth to many young at one time. In addition, 
it is one of the best standardized of the smaller 
laboratory animals and—through the cour- 
tesy of the Wistar Institute of Anatomy and 
Biology—rats with a pedigree of many gen- 
erations could be secured. This last feature 
was, perhaps, the most valuable for our pur- 
pose. 

Virgin animals, 120 days old, were employed. 
It was desired that the first litters after irra- 
diation should be the first born of the irra- 
diated animals and, according to Duhring, the 
120 day old rat is at its optimum breeding age. 





= ea ae wa + 


sd. 
ra- 
ra- 


Ze. 





MURPHY: PRECONCEPTION OVARIAN IRRADIATION 589 


TABLE I.—-FERTILE ANIMALS EXPOSED TO PRE- 
CONCEPTION OVARIAN IRRADIATION 


Millicurie hours Fertile animals 


UT oer wads cca eee ceareee tenn I 
BMG ican Pan Sie Manas tasers wae meas I 
BO sae ise sed ev case eee es ee eaeete 8 
Sah. saw Sa oe RAs SRA OS VSR. 13 
ERE Ein par ere ine eam ere ware ia 20 
500.. 3 
ee I 
NE iar iar wien Warr a Cea meer hr ie ae 4 

Ets a vrsnca ven oonen ocr EN ee 51 


TABLE II.—-AVERAGE INTERVALS IN DAYS BE- 
TWEEN THE CASTING OF THE FIRST AND 
SECOND LITTERS 


Days between 


Mother animals Litters litters 
ne 23 48 
PRI oC aaaenws ke sees de heats 9 46.8 


TABLE III.—RELATIVE AVERAGE SIZES AND THE 
MOST FREQUENT SIZES (THE MODE) FOR THE 
FIRST LITTERS OF 51 ANIMALS WHICH RE- 
CEIVED PRECONCEPTION OVARIAN IRRADIA- 
TION, AND FOR 25 CONTROL ANIMALS 


Irradiated Control 


Number of animals................. 51 25 
Average litter S186... oc. oe ce ce csc es 3.7 5.2 
SRA Ae eee oe ee I 7 


Note that the litters of the irradiated animals were smaller in size 
than were those of the control animals and that a single young was the 
most common litter size for the irradiated animals. 

The minimum sterilizing radium exposure 
was first determined (5), in order to secure a 
standard by which a substerilizing exposure 
might be measured. When this had been ac- 
complished, 50 animals were exposed to three- 
fourths of this sterilizing dose. Since some of 
them apparently were sterilized, even by this 
amount of treatment, other irradiated but 
fertile animals (used in the sterilization ex- 
periment) were included for study, in order to 
increase the total and because it was not known 
how any of the various dosages of radium used 
might affect the offspring. 

Radium was employed because of its fre- 
quent use in gynecological practice and be- 
cause a relatively large supply of this agent 
(2 grams) was available through the courtesy 
of the Cancer Research Committee of the 
medical staff of the Philadelphia General 
Hospital. The treatments were given in the 
Radium Research Laboratories of the hospital. 

The radium was employed in the form of 
emanation now commonly termed ‘‘radon.”’ 


TABLE IV.—-RELATIVE AVERAGE SIZES AND THE 
MOST FREQUENT LITTER SIZES (THE MODE) 
FOR THE SECOND LITTERS OF 23 ANIMALS 
WHICH RECEIVED PRECONCEPTION OVARIAN 
IRRADIATION AND THE SAME RECORD FOR 
Q CONTROL ANIMALS 


Irradiated Control 
See Cree ee ar 23 9 
AVGrnge HUGE SING... 5 5 cece cen 4.6 2.4 
PE isiwiitcanaversmuse cae waco: 3 4 


TABLE V.—AVERAGE SIZES OF FIRST LITTERS 
OF 51 IRRADIATED ANIMALS, ARRANGED 
ACCORDING TO THE AMOUNT OF MATERNAL 
TREATMENT DIRECTED AT EACH SINGLE 


OVARY 

Millicurie hours Litters Average size 
acne cas ey kes ed eae eR eK I 6 
RARE Ar ee esl Pare ee eee I 4 

BR are aie. nk See hie a acdc he aivcal le Ov Res 8 4.6 
FEC OLE ROME eR ee Rte 13 4:4 
re Cre eee re er Te 20 3.8 
RSG Cay hee CU ier e eRe eras hae 3 2.6 
ES RR | iy et ae es I 3 

WS Fe isin pid a1 wire ce ac haw eee aietela , 4 a.8 


Note that in a general way the longer the exposure the smaller the 

average litter size, 
Its preparation and measurement and the 
calculation of dosages were carried out with 
the generous co-operation and assistance of 
Mr. Charles Robb, assistant physicist of the 
Philadelphia General Hospital. 

Each animal received a bilateral ovarian 
irradiation, one exposure over each Jumbar 
region, one ovary treated immediately after 
the other. The irradiation of the entire series 
of animals extended over a period of 6 months. 
The radium was measured before and after 
each group of animals was treated, as a check 
against the accidental breakage of the glass 
tubes containing radon during the course of 
the experiment. 

The radium applicator was made in the 
form of a two-piece brass capsule (Fig. 1), 2 
centimeters in length and 8 millimeters in di- 
ameter, with a wall thickness of 2 millimeters, 
held to the animal’s back by means of a 
bakelite holder and adhesive plaster (Fig. 2). 
Further details of the technique are described 
in the paper on sterilization (5). 

The subsequent offspring were examined 
and weighed the day of birth. The litter at 
that time was weighed as a whole. A similar 
weighing was made on the fifteenth day. 
Individual weighings were made on the 
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TABLE VI.--YOUNG OF 
CONTROL ANIMALS, 
WEIGHTS OF THESE 


IRRADIATED AND OF 

AND THE AVERAGE 
YOUNG, ARRANGED AC- 
CORDING TO THE DAYS OF THE WEIGHINGS. 
THE AVERAGE WEIGHTS OF THESE YOUNG 
HAVE BEEN PRESENTED GRAPHICALLY IN 
FIGURE 5 


Irradiated Control 


Weighing dates Young weighed Average Young weighed Average 
At birth c es 4.25 234 5 
15 days of age... 146 14.9 80 10.8 
30 days of age... 135 35.6 72 31.4 
60 days of age... 121 62 42 62.6 
go days of age. 102 85.1 28 89.2 
120 days of age. 84 96.2 17 104.5 


thirtieth, sixtieth, ninetieth, and one-hundred- 
and-twentieth days. On the thirtieth day the 
young were weaned and the sexes separated. 
On the one-hundred-and-twentieth day the 
sexes-—brothers and sisters when possible, in 
order to accentuate any inherited defect which 
might have resulted from the treatment 
were brought together again. 


EFFECT OF TREATMENT UPON IRRADIATED 
ANIMALS 
All of the irradiated animals exhibited 


marked local and general reaction to the severe 
treatment which they all received. The local 
reaction consisted of loss of hair over the 
treated area and this was followed in every 
case by severe ulceration of the body wall, 
varying in extent and depth with the amount 
of exposure. In most instances the ulcera- 
tions finally healed, although in some cases 
thick crusts persisted in the ulcerated regions 
and in several animals paralysis of the lower 
limbs was noted. The general reaction was 
manifested by a loss of weight, in many in- 
stances amounting to as much as one-fourth 
of the weight before treatment. In spite of 
the severity of the treatment, none of the 
animals appeared to suffer in respect to their 
ability to reproduce. On the other hand, the 
reaction to irradiation, no doubt, played an 
important réle in affecting the health of the 
young, prior to birth, and the ability of 
their mothers properly to nurse them. 


EFFECT ON FERTILITY 


Full term litters were 
51 fertile animals (Table I). 


Length of pregnancy. 
cast by all of the 
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TABLE VII.--SUMMARY OF OBSERVATIONS 
First generation of female young mated......... 51 
Males mated with the above................... 41 
Female deaths during experiment TE 5 

Under 30 days 2 

Dying female, one litter before death I 
Number of anim: ils, duration of mating period re 

corded . 47 

Longest period (in days) . 209 

Shortest period (in days) . -a 

Average period (in days) 111 9 
Number of first generation females casting litters. 11 
Number of litters cast by these animals 17 
Intervals between mating and litter casting for the 

first litters of these 11 animals: 

Longest interval (in days) Sr ey . 218 

Shortest interval (in days) er etme mes 25 

Average interval (in days) Sener 107 
Average interval for 17 control anim: ls... 37-4 
Number of young cast by the first generation (17 

litters) 9! 
Number of these o1 presenting gross abnormalities. I 


Although abortion does occur very rarely in 
the albino rat, no instance was observed in 
the more than 1oo litters cast after irradiation. 

One litler sterility. Of the 51 fertile animals, 
only cast two or more litters. The irra- 
diation appears to have been the most likely 
cause of the subsequent sterility in the remain- 
ing 28 animals. This high frequency of one 
litter sterility indicates the degree of irradia- 
tion to which these animals were subjected. 

Irradiation effect on the reproductive cycle. 
The intervals between mating and the casting 
of the first litters of 51 irradiated and 17 
control animals are presented graphically in 
Figure 3. Pregnancy in the rat lasts 22 or 
23 days, while insemination is possible once 
every 3.5 days (the length of the cestrus cycle). 
The observations recorded in Figure 3 in- 
dicate that the greater number of the first 
litters of the 51 irradiated animals were 
conceived very shortly after mating. From 
this observation it appears that the oestrus 
cycle, when not completely inhibited by 
irradiation (as when permanent sterility is 
immediately produced), suffers no disturb- 
ance whatever. It further suggests that even 
heavy irradiation probably does not injure the 
ova which it does not destroy. 

A similar study of the intervals between the 
births of the first and second litters of 23 
irradiated animals leads to the same conclu- 
sions. In this group the interval between 
litters was longer than in the control animals 
(Table IT). 











MURPHY: PRECONCEPTION OVARIAN IRRADIATION 





Fig. 1. Showing bakelite holders with hinged covers, 
and brass radon-containing capsule in situ. 


Two or more litters were cast by the 23 
animals just mentioned. In Figure 4, the 
intervals between mating and the casting of 
the first litters of these animals are contrasted 
with the intervals between the casting of the 
first and second litters. It will be observed 
here that the young of both groups of litters 
were practically all cast within 35 days of the 
mating or of the previous litter casting dates, 
as the case might be. 


FIRST GENERATION OFFSPRING 


Litter size. A study of the litter size of the 
first generation young of the irradiated ani- 
mals shows (Table III) that the irradiation 
decreased the number of offspring per litter. 
One young was the rule in the first litters of 
the 51 irradiated animals, while 7 young was 
the common litter in 25 control animals. The 
second litters of the 23 animals casting more 
than one (Table IV) were still smaller than 
the second litters of the control animals. 

From a study of the litter sizes, as influenced 
by the amount of the maternal treatment 
(Table V), it will be seen that, in general, the 
larger the amount of maternal treatment, the 
smaller the size of the first litters. 

Mortality. The 51 irradiated animals, cast- 
ing from 1 to 5 litters apiece, more than 100 
litters in all, gave birth to 402 young. Of 
these, 39 were dead at the time of first ob- 
servation, while the death rate during the first 
month of life was very high among the re- 
mainder. 

Many of the young animals were killed or 
eaten by their mothers shortly after birth. 
This was attributed to the ill health of the 
mothers, which was the result of the local and 
general radium reaction, and also to the ne- 
cessity of disturbing the newborn litters for 
examination and weighing. 
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Fig. 2. Showing pair of bakelite holders in position for 


bilateral ovarian radium exposure. Note the partially 
concealed brass radon-containing capsule under the hinged 
cover on the animal’s right side. 


Bodily structure. Of all the young, live and 
dead, only one was deformed. It exhibited a 
clear cut case of hydrocephalus and was killed 
by the mother on the fifteenth day. Since 
this condition is not extremely rare in the 
experimental colony of the Wistar Institute, 
the irradiation is not believed to have played 
an important rdéle, if any, in its production. 
It may therefore be stated that, as far as 
could be determined by our study, no gross 
disturbances of bodily structure were ob- 
served which might be attributed to precon- 
ception irradiation of the subsequently 
fertilized ova. 
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Fig. 3. Two polygon curves demonstrating the relative 
speeds with which first litters were cast by 51 irradiated 
animals (uninterrupted line) and by 17 control animals 
(broken line). 

The vertical line indicates the number of animals, while 
the base line records the intervals (in 5-day periods) be- 
tween mating and litter casting. Note that the greater 
number of the litters of both groups were cast within 35 
days of mating. 
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Fig. 4. Polygon curves indicating the interval in days 
before the casting of the first litters (uninterrupted line) 
and the interval in days between the casting of the first 
and second litters (dotted line), for 23 animals which had 
received preconception ovarian irradiation. The vertical 
line indicates the number of animals, while the base line 
records the intervals (in 5-day periods) between mating 
and the casting of the first litter in the one case, and 
between the casting of the first and second litters in the 
other case, the animals having been constantly mated 
throughout this period. 

Note that the casting of these 2 groups of litters oc- 
curred with relatively equal promptness. 


Growth rate. The average weights of young 
of irradiated and of control animals, as re- 
corded at birth and during the succeeding 120 
days, are shown in Table VI. These have been 
graphically depicted in the 2 curves in Figure 
5. It will be seen that the young of irradiated 
and of control animals grew with approxi- 
mately the same degree of speed and that only 
during the last month of observation did 
there seem to be any appreciable degree of 
retardation in the growth of the young of the 
irradiated animals. It is believed that this 
retardation of growth was most likely the 
result of the general poor health of the mother 
due to the severity of her irradiation rather 
than to any specific effect of the irradiation 
upon the unfertilized ovum. 

Fertility. At 120 days of age all female 
young were mated, with their brothers, if 
possible, but, if impossible, then with other 
young from irradiated females. The summary 
(Table VII) of observations shows that 51 
female young of irradiated parents, when 
mated for an average of 111.9 days, cast only 
11 litters (21.6 per cent of fertility). Further- 
more, the first litters of these young were cast, 
on the average, 107 days after mating, while 
17 control animals cast their first litters on 
the average, only 37.4 days after mating. 
These figures reveal that the first generation 
young of the irradiated stock were less fertile 
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Fig. 5. Growth curves for 355 young born of irradiated 
mothers (dotted line) and for 234 young of control animals 
(uninterrupted line), based on weighings as recorded in 
Table VI. The vertical line shows the average weights in 
grams, while the base line records the intervals in days 
after birth at which times the various weighings were 
made. 


than they should have been and that there was 
a considerable delay in the casting of litters. 
A subsequent mating of these animals with 
males born of non-irradiated stock was fol- 
lowed by a comparatively higher frequency of 
litter casting. However, since the females in 
this later mating were older and larger than 
when first mated, this comparison is not very 
valuable. It suggests, however, that the young 
of the irradiated stock probably exhibited 
only a latent sterility, due to causes which are 
not very well understood. The delayed fertil- 
ity may have been due to lack of early and 
proper nourishment, the result of the influence 
of the irradiation upon the mother, especially 
upon her mammary glands. That this delay 
in fertility may have been entirely due to the 
somewhat delayed growth of the young of the 
irradiated animals is suggested by the findings 
of Dr. Helen Dean King of the Wistar 
Institute. She has found that conception is 
rarely possible in female rats which, at 120 
days of age, weighed less than 100 grams. 


SECOND GENERATION OFFSPRING 


The 17 litters cast by 11 of the offspring of 
the irradiated animals comprised a total of 91 
young of the second generation, 67 of which 
were alive at the first observation. None of 
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the 91 young exhibited any developmental 
defects, nor did the living ones, while under 
observation, present any evidence of injury 
which might have been attributed to the 
ovarian irradiation of their grandmothers. 
These second generation young were observed 
for a period of 4 months after birth. 


RESULTS OF STUDY 


In order more properly to evaluate the 
results of this experimental study, certain 
characteristics of the rat must be borne in 
mind. According to Donaldson the rat is ap- 
proximately seven times more resistant to the 
ordinary poisons than is man. Also it normally 
presents few morphological abnormalities. 
These two characteristics indicate that we are 
dealing with an animal with a high degree of 
natural resistance. 

From the local and general effects of the 
treatment and the relatively high frequency 
of one-litter sterility, it is apparent that the 
ovaries of the irradiated animals were de- 
finitely affected. That no gross structural 
abnormalities were seen in any of the sub- 
sequent offspring is in accord with the clinical 
observations recently reported (2). Further, 
it was seen that the oestrus cycles and re- 
productive powers of the fertile animals seem- 
ed to be uninjured by the irradiation re- 
ceived. The truth of these observations seems 
to be substantiated by histological studies, 
made upon the ovaries of these animals, which 
will be reported at a later date. 

The disturbances in health and fertility 
observed in the offspring of the irradiated 
stock must be attributed, it is believed, to the 
systemic influence of the treatment upon the 
mother rather than to any specific influence 
upon the unfertilized ovum—at least until 
further experimentation shows this standpoint 
to be fallacious. 

SUMMARY 

1. A group of 51 albino rats was exposed to 
heavy ovarian radium treatments, before they 
were mated. Each of these animals later cast 
one or more litters. 

2. The total first generation young amount- 
ed to 402. Of these, 17 females gave birth to 
gt offspring (second generation), after mating 
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with brothers or with males born of other 
irradiated mothers. 

3. No instance of abortion was observed in 
either generation. 

4. In the irradiated animals either sterili- 
zation resulted or else the treatment did not 
materially alter the frequency with which sub- 
sequent conceptions followed one another. 

5. Litter size was diminished by maternal 
ovarian irradiation, the earliest litters being 
the smallest. 

6. The first generation young exhibited a 
delay in growth and fertility but presented no 
gross abnormalities which could reasonably be 
ascribed to the effect of the maternal ir- 
radiation. 

7. Likewise the second generation of off- 
spring showed no evidence of ill health or 
underdevelopment which might be attributed 
to the grandmaternal irradiation. 


CONCLUSION 


From this study no definite conclusion can 
be drawn in regard to the influence of pre- 
conception ovarian irradiation upon the health 
and development of the subsequent offspring 
of the albino rat. It is significant, however, 
that no gross structural abnormalities at- 
tributable to maternal ovarian irradiation 
were observed among 493 first and second 
generation descendants of a group of animals 
which received preconception ovarian radium 
irradiation. 
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RESECTION AND OBSTRUCTION OF THE COLON (OBSTRUCTIVE 
RESECTION)! 
FRED W. RANKIN, M. D., Rocwester, MINNESOTA 


Division of Surgery, The Mayo Clinic 


NTESTINAL resection in multiple stages as 
| an emergency measure had been performed by 
surgeons for many years before Block, in 1892, 
first suggested the employment of this method as a 
deliberate maneuver in the eradication of a malig- 
nant neoplasm of the large bowel. Shortly there- 
after, the operation of exteriorization became 
popularized by Mikulicz and Bruns and was 
hailed as a radical advance in surgery of the 
colon. The operation, as performed by these men 
and as described in a system of practical surgery 
by Bergmann, Bruns and Mikulicz, differs some- 
what from the modifications which have been 
introduced in this country, but the principles of 
bringing the bowel to the outside without opening 
its lumen and of subsequently removing the 


offending segment remain the predominant 
features. 
This procedure was uniformly acceptable 


because of the theoretic possibilities it offered. 
Unquestionably, the underlying fundamental 
principle of resection in multiple stages, without 
incision of the bowel at the initial step, was 
admirable. The theory of lack of peritoneal con- 
tamination from exteriorization, although ideal, 
failed to take into account the contamination 
from exploration and mobilization of the growth 
which subsequent endeavors so frequently have 
proved to take place. My experience is that 
contamination comes not so much from the open 
operation as from the handling of the growth 
during its mobilization or during the necessary 
exploration of the abdominal cavity. Infection is 
spread because of the thinness of the wall of the 
bowel under manipulation and the already exist- 
ing contamination in the pericolonic tissues and 
adjacent lymphatic channels, as frequently has 
been demonstrated by numerous observers. 
Experience has proved that this procedure, as 
originally described, had certain definite draw- 
backs, the most prominent of which was the 


likelihood of direct transplantation of malignant 
cells into a cut wound when the growth was 
brought out in the original incision. This actually 
occurred in 12 per cent of the cases in which 
operation was performed by this method in The 
Mayo Clinic, despite the fact that numerous and 
various attempts were made to preclude its occur- 
rence. 

Another disadvantage was the limitation of ap- 
plication of the principle, unless extensive mobi- 
lization were effected, and the frequent necessity 
of ligating the blood supply in order to render the 
tumefaction extraperitoneal. After the blood sup- 
ply had been ligated, one not infrequently was 
confronted with a serious problem; namely, the 
development of necrosis and gangrene in the 
exteriorized growth, with subsequent contamina- 
tion from direct extension. Furthermore, resec- 
tion of the loop was frequently demanded in the 
first 48 hours after the primary stage of the opera- 
tion, and contamination took place by direct 
extension because of poor healing power, and the 
attendant dehydration and desiccation from 
which many of these patients suffered. Occasion- 
ally, as an emergency measure, the first two stages 
of the operation were performed at one step, 
clamps being left on the ends of the bowel, thus 
obstructing it until peritoneal coaptation had 
taken place, when the proximal end could be 
opened safely. This, I found, on looking up the 
records, however, was a step which was accom- 
panied by higher mortality than the other types 
of procedures employed, evidently because of the 
type of case in which it had been undertaken. 
However, it occurred to me that any operation in 
which recurrence of the malignant condition in 
the abdominal wall took place in 12 per cent of 
cases, either should be abandoned, or modified to 
correct this defect, and yet the admirable features 
of the Mikulicz operation were theoretically and 
fundamentally sound. 


1Submitted for publication January 14, 1930. 
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peritoneum 


Fig. 1. Abdominal incision exposing carcinoma of the 
sigmoid. 

After the employment of a type of pre-operative 
treatment in all cases of lesions of the colon 
which resulted, in most instances, in emptying the 
obstructed bowel to such a degree that it ap- 
proached normal size, I began to perform a type 
of resection, similar to the procedure in which the 
first two steps of the exteriorization are performed 
in one step, but far more radical. It enabled me 
to remove not only all of the mesentery desirable 
but the tissues in immediate juxtaposition to the 
growth, to peritonize the raw surfaces, to insure 
the blood supply to the two ends of the bowel, and 
to leave the bowel obstructed for 48 to 72 hours 
with impunity. All this was possible because of 
the thorough pre-operative cleansing and con- 
comitant reduction of local infection. The tech- 
nique of such “obstructive resection,” I believe, 
employs the admirable principles of the procedure 
of exteriorization and, at the same time, obviates 
undesirable features and a high rate of mortality. 
Although it has not been noted, so far as I know, 
the Mikulicz procedure carries a higher operative 
mortality than any other type of resection. This 
obstructive type of resection I have employed as a 
routine in the last year as the operation of choice 
for all lesions in mobile segments of the large 
bowel. From January 10, 1929, to November 22, 
1929, I performed 31 obstructive resections of the 
colon with a single fatality. The man who died 
was aged 64 years, he was of short and heavy build 
so that the operation was technically difficult. He 
died 36 hours after the operation from a pulmon- 
ary embolus. 
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Fig. 2. Beginning mobilization of neoplasm. Incision in 
the lateral parietal peritoneum which frees the growth and 
allows its rotation mesially. There are no blood vessels in 
this peritoneal layer. 


The indications for obstructive resection are the 
same as those for the Mikulicz operation, and I 
believe they may be extended considerably. The 
pre-operative preparation that is made as a 
routine has lessened the infection of growths of 
the colon and has left the colon itself free from 
obstruction, or only slightly obstructed, and thus 
has promoted extension of the operative attack to 
conditions which otherwise would have been ap- 
proached by different technical steps. The in- 
dications for this operation are the presence of a 
mobile growth in any segment of the bowel, and 
one which, on the basis of experience and clinical 
judgment, is deemed not too infected or too much 
attached to surrounding tissues to prevent its re- 
section. The contra-indications to procedures of 
exteriorization, as laid down by Sistrunk at a 
recent meeting of the American Surgical Society, 
are as follows: “(1) cases of adherent growths 
associated with infection of the wall of the bowel 
and adjacent tissues; (2) large growths associated 
with infection; (3) growths associated with ob- 
struction; and (4) growths in the sigmoid colon 
with a short mesentery, in obese patients, with 
thick abdominal walls.” I heartily concur in 
these contra-indications. My feeling is that the 
original type of Mikulicz procedure is most aptly 
applied to a small, annular, scirrhous growth, in a 
mobile segment of colon, in an elderly patient, 
who is unable to withstand any extensive opera- 
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Fig. 3. Mobilization completed. The mesenteric blood 
vessels are ligated and a wide expanse of mesentery is 
sacrificed. The growth is caught between clamps to be 
removed with cautery. 


tive procedure, and in whom, under local or light 
general anesthesia, the growth may be drawn 
rapidly into the wound without manipulation or 
attempts at mobilization. Infection around the 
growth, as Sistrunk stated, or considerable ob- 
struction, especially if it be subacute or acute, is 
a definite contra-indication to operation because 
of the necessary manipulation which spreads this 
infection to the peritoneal cavity, with unhappy 
results. 

The pre-operative measures, which have been 
mentioned, consist of the following: (1) rehabili- 
tation of the general condition; (2) attempts at 
reduction of local infection and obstruction by 
cleansing measures applied to the bowel itself; 
(3) the use of intraperitoneal vaccine; and (4) the 
use of spinal anesthesia. Fortunately, the intro- 
duction of these methods has enabled me to over- 
come many of the difficulties which formerly 
attended operations on markedly infected or ob- 
structive growths. 

In acute intestinal obstruction, even the most 
enthusiastic partisan would agree, I believe, that 
there is little practicability in exteriorizing a 
growth without previously having provided for 
decompression above it, and this procedure of 
decompression and exteriorization combined bears 
too high a mortality, as judged from statistical 
study. Paradoxically, the obstructive type of 
resection, which is under consideration, cannot be 
done safely in the presence of obstruction of any 
type. As has been noted, however, my experience 
is that chronic intestinal obstruction confined to 
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Fig. 4. The clamp is in situ. The growth has been 
removed and peritonization of the lateral raw surfaces is 
begun. 


the large bowel is borne readily over a long period 
of time, and, what is more important, it may be 
reduced to a minimum in practically every case by 
the judicious use of cleansing measures applied 
over a considerable period of time, on the average, 
one week. Subacute obstruction and, many times, 
almost complete obstruction of the large bowel, 
due to a malignant condition, can be removed by 
patience and persistence in the use of enemas and, 
occasionally, of purgatives. Of course, one does 
not advocate anything but immediate operation in 
acute intestinal obstruction, regardless of its 
cause, but acute intestinal obstruction of the 
colon due to carcinoma is found in only 5 per cent 
of all cases of intestinal obstruction, and is not 
included in the type of case considered here. 


TECHNIQUE 


The technique of obstructive resection is, in 
reality, similar to two stages of the Mikulicz 
operation employed in one step, with the addition- 
al removal of a wide piece of mesentery and gland 
bearing tissue in proximity to the growth. The 
procedure is applicable, as has been said, only to 
mobile or mobilizable segments of the bowel. 
The steps of the operation are as follows: (1) 
incision over the growth and abdominal explora- 
tion; (2) mobilization of the growth; (3) ligation 
of the blood supply and dissection of lymph nedes; 
(4) resection of the growth between clamps, with 
the cautery; (5) peritonization and closure of the 
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Fig. 5. The peritoneum is brought under the loop and 
is sutured snugly around on all sides. This step holds 
serous surface to serous surface, permits early healing, and 
does away with the necessity of sutures in wall of the bowel. 


rent in the mesentery; and (6) closure of the ab- 
dominal wound around the growth (Figs. 1 to 7). 

It has been my custom to employ a two bladed 
clamp, which I use for aseptic anastomosis, else- 
where, as the most satisfactory instrument for 
doing this obstructive resection. After mobiliza- 
tion of the growth, the clamp is applied to the two 
limbs of the bowel and at this stage of the opera- 
tion one may always be certain of securing the 
blood supply to the loop. This is a most impor- 
tant step, and the blood supply may be deter- 
mined under direct vision. The rent in the 
mesentery is closed without putting sutures into 
the bowel. The use of such sutures has never 
been a satisfactory practice and I have not been 
sorry to have omitted it. Peritonization of the 
raw surfaces lateral to the resected bowel is 
always easily accomplished. The clamp is now 
brought out of the wound at the point in the 
wound which leaves the structures most loose. 
The wound is closed snugly, close to the clamp, 
and a tongue of peritoneum is pulled between the 
two limbs of the bowel, under the clamp. This 
brings up the peritoneum snugly around the 
bowel itself and does away with the necessity of 
sutures. Sometimes, when the loop has been 
short and has not come out of the abdomen read- 
ily, I have wrapped a piece of iodoform gauze 
around the clamp in the peritoneal cavity and then 
have closed the peritoneum snugly around it so as 


to avoid contamination in case of leakage. When- 


the operation has been completed, and the wound 
_ has been closed tightly around the clamp, the 
bowel is left totally shut off for at last 60 hours, 
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Fig. 6. After the clamp has been removed and the 
wound is healed, the spur is cut out of the two “gun 
barrels” by the application of clamps which necrose 
through it slowly. This step is similar to that of the 
Mikulicz operation. 


and sometimes for as long as 72 hours. I never 
have seen unhappy sequel from this one step and 
never have had to take a clamp off sooner than 
60 hours after operation. Patients have not been 
nauseated and up to this time have not vomited, 
but I have not given them food by mouth. Their 
food has been supplied by hypodermoclysis and 
intravenous administration of glucose and sodium 
chloride solution. At this time the proximal blade 
of the clamp is opened, but the distal blade is 
left closed, and the clamp is not removed. This is 
advantageous because agglutination has taken 
place, the bowel has healed into the wound, and, 
if gas has caused enough tension, it will blow out 
the cut end of the proximal loop and will relieve 
itself spontaneously. I do not open the colon, but 





Fig. 7. Final stage of the operation showing closure of 
the colostomy opening. In more than half of the cases this 
step is unnecessary and spontaneous healing takes place. 
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prefer to let the agglutinated end be freed by 
distention from pressure within the colon. The 
clamp is allowed to stay on the distal loop until it 
drops off, which usually occurs about the seventh 
day. The remainder of the operation is accom- 
plished in a manner similar to that employed in 
the Mikulicz procedure; that is, the spur is cut 
out with an enterotome, or with clamps, and the 
patient is then allowed either to return home or to 
wait for a period of at least a month before the 
subsequent step is undertaken. It has been my 
experience that in more than half of these cases, if 
the spur is cut out properly, the opening will 
close spontaneously without the necessity of the 
third stage of the operation. 

It is obvious that there are many advantages to 
this type of resection over the former technique of 
exteriorization and resection of the large bowel. 
In my service I have come to look on it as the 
operation of choice in all non-obstructing mobiliz- 
able growths of the large bowel, from the hepatic 
flexure of the colon to the middle of the sigmoid 
colon. From the standpoint of mortality and 
morbidity, it leaves little to be desired. The 
period of hospitalization is short. After resection 
and removal of the spur between the two loops of 
bowel, which in the average case have been done in 
3 weeks, it has been my custom to permit the 
patients to return home with the idea that the 
third stage of the operation, or the necessary 
closure, will be accomplished by nature rather 
than by surgical suture. I have been agreeably 
surprised to note that more than half of the 
patients have not had to undergo secondary 
closure. ‘The number of stages of the procedure 
and the morbidity thus are reduced to a minimum. 
The record of mortality, approximately 3 per cent 
in this series, is so immeasurably better than that 
of the Mikulicz procedure that it does not require 
consideration. I am not optimistic that the 
mortality can be held at this figure, but any 
mortality for resection of the colon which is 
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below to per cent is highly acceptable. A second 
obvious advantage is the radical type of operation 
which this procedure allows to be applied in 
removal of gland-bearing tissues. Formerly, pro- 
cedures of exteriorization were simply for local 
removal of the malignant growth, without dissec- 
tion of lymph nodes, and this in the light of 
present day knowledge of the enhancement of 
end-results by block dissection of the adjacent 
groups of lymph nodes, is unsurgical. It seems 
to me that it is just as desirable to apply radical 
methods, with wide removal of adjacent tissues, 
to malignant conditions of the large bowel as it is 
to apply them to malignant conditions of the lip, 
tongue, breast, stomach, or other organs. Any 
procedure which includes this among its accom- 
plishments is highly advantageous. 

The question immediately arises in connection 
with this obstructive type of resection, as to 
whether or not it is feasible immediately to re- 
establish the lumen of the bowel with an aseptic 
type of operation. This, no doubt, would be the 
ideal procedure; yet it unquestionably would be 
followed by an increase in mortality, an increase 
probably as high as 5 per cent. One is always 
tempted, in doing a resection of the bowel, when 
the bowel is mobilized satisfactorily, to make an 
anastomosis, with, perhaps, an enterostomy for 
decompression proximal to it. However, I have 
had sufficient unhappy experience with this type 
of maneuver in the past to be fearful of it, 
although I recognize its great desirability. It is 
to be hoped that in the future, with adequate 
co-operative management and proper selection of 
cases, aseptic anastomosis in one stage, with or 
without proximal decompression, will become the 
operation of choice in a high percentage of cases of 
malignancy of the colon. At present, I feel dis- 
tinctly that the graded procedure will prove to 
give just as high a percentage of satisfactory end- 
results and at the same time a considerably lower 
rate of mortality. 
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FROM THE SURGICAL CLINIC ST. JOSEPH’S INFIRMARY 


THE TECHNIQUE OF VENTROFIXATION OF THE UTERUS 


IRVIN ABELL, M.A., M.D., F 


ENTROFIXATION of the uterus is indi- 

cated in the presence of complete pro- 

cedentia with eversion of vagina in women 
beyond the menopause 

The preparation of the patient for operation is 
that usually employed for abdominal operations: 
cleansing and shaving of the abdomen on the day 
before operation and the application of 2 per cent 
tincture of iodine to the field of operation before 
patient is taken to the operating room and again 
when on the operating table. 

The anesthetic may be local, general, or spinal 
with preference given to preliminary morphine 
and atropine followed by nitrous gas-oxygen in 
elderly patients. The relaxation of the vaginal 
outlet is first corrected by colpoperineorrhaphy. 
The patient is then placed’ in the Trendelenburg 
position and a 4-inch midline suprapubic in- 
cision is made. The fundus of the uterus is 
grasped with volsellum forceps and drawn well up 
into the incision. The cut edge of the anterior 
parietal peritoneum is then sewed to the peri- 
toneal covering of the uterus with a running 
suture of No. 2 chromic catgut, which begins in 
the lower angle of the incision in the anterior 
parietal peritoneum and unites its cut edges to 
the circumference of the uterus at a point between 
the fundus and the junction of body with the 
cervix, after which the remainder of the incision 
in the peritoneum is closed with a continuous 
suture of similar kind. The fundus of the uterus 
having been thus made extraperitoneal, the under 
surface of the fascia abdominis is prepared for 
anchorage of the fundus uteri by the separating 
of the underlying recti muscles from it for a dis- 
tance of 1 inch from the cut edge on either side at 
the lower third of the incision. Sutures of No. 2 
chromic catgut, one on either side, are then passed 
through the fascia from its upper surface. These 
sutures enter at points 1 inch from the midline, 
grasp the uterine muscle at or slightly below the 
cornua (depending on the size of the uterus), and 
pass back through the fascia from below. (Fig. 1.) 

When these sutures are tied, the recti muscles 
are displaced to either side with the fundus uteri 
interposed between them, its superior surface 
coming in contact with a sufficiently large area of 
fascia to afford a firm anchorage. Two stay su- 





.A.C.S., LouIsvILLe, KENTUCKY 


tures (equisitine) are then inserted through skin, 
fat, fascia, and fundus of the uterus, one on its 
anterior and one on its posterior aspect and if 
desired one or two of similar material are inserted 
in the upper half of incision. (Figs. 2 and 3.) 

The fascia abdominis is closed with a running 
suture of chromic catgut, the needle dipping into 
the uterine muscle at the point of its contact with 
fascia. (Fig. 4.) 

The skin is closed with dermal suture after 
which the stay sutures are gently tied. (Fig. 5.) 

The postoperative care is that of the ordinary 
closed abdominal section: rest in bed for 2 weeks 
with avoidance of severe physical exertion for a 
period of 6 weeks thereafter. (Fig 6.) 


ADVANTAGES OF THE OPERATION 


1. The uterus becomes an integral part of the 
abdominal wall and is fixed to its unyielding fascia. 

2. The suturing and anchorage are extra- 
peritoneal. 

3. It affords adequate and permanent support 
for the relaxed pelvic structures. 





Fig. 1. Suturing of cut edges of peritoneum to circum- 
ference of uterus. 
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Fig. 2. Separation of fascia Vig. 4. Stay 


from underlying rectus muscle. 


sutures 
through entire abdominal wall down 


passing Fig. 5. Closure of fascia. 


to and including uterine muscle. 





Sutures placed lateral to midline anchoring 


Fig. 3. 
fascia to uterine cornua. 


4. The normal vaginal depth and relations are 
retained. 

5. The relaxation of the pelvic structures in 
complete procidentia is of such degree that no 
undue tension with consequent discomfort results. 

6. The ease and rapidity of execution permit 
its employment in the aged granted no absolute 
contra-indications to a surgical procedure exist. 





Me C pembin 


Fig. 6. Position occupied by uterus, completed opera- 
tion. 
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RECONSTRUCTION OF 


THE EXTERNAL EAR' 


GEORGE WARREN PIERCE, M.D., SAN FRANCISCO 


TYNHE reconstruction of an external ear is a 
difficult task. The normal auricle is com- 
posed of two layers of thin skin with little 

subcutaneous connective tissue, supported and 

given form by a thin intricately shaped cartilage. 

It is impossible to obtain skin of this type from 

other available parts of the body; and rib carti- 

lage, the ear cartilage substitute, is not suitable 
for fashioning into a replica of the original sup- 
port. Moreover, if so fashioned, it will not main- 
tain its form and contour, but tends to fold up. 

This tendency of reconstructed auricles to shrink 

has been one of the apparently insurmountable 

difficulties of the task of reconstruction. 

My method of reconstruction furnishes an ear 
which does not shrink and which maintains the 
normal angle to the head. It is more important 
to have the two ears of the same size than of 
exactly the same contour. The characteristics of 
the minor contours of the pinna vary so widely in 
people that less effort need be expended on their 
reproduction than on the size and proper angle of 
the ear. All stages of the reconstruction are done 
under anesthesia produced by the administration 
of a 1 per cent solution of novocain. 


CAsE 1. This patient, referred by Dr. Russell Ryan, is 
an illustration of the comparatively simple problem of re- 
storing the size and general appearance of the ear after loss 
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Fig. 1. Pinna. Reproduced from Deaver’s Surgical 
Anatomy. By permission of P. Blakiston’s Son & Com- 
pany, Philadelphia. 


of the helix by burn from a gasoline explosion. Since the 
helix had been destroyed, there remained the antihelix 
with a thin scarred edge and a proportionate reduction in 
size of the pinna. The first operation was done October 
19, 1925. The helix was reconstructed from a small tubed 
pedicle flap from the neck (Fig. 2a.) This flap was trans 
planted upward in three stages, the pedicle was opened 
along the suture line, and was then sutured to the split 
edge of the antihelix. The skin of the lower part of the 
neck is thinner than that of the upper part of the neck or 
of the chest and matches closely the color and texture of 
the normal helix. This is of great importance, as material 
taken from other parts of the body so rarely has the req 
uisite coloring and appearance for an auricle. Four oper 
ations were required for this case and were performed on 
October 19, December 1, and December 16, 1925. The 
progress of the case was uneventful, healing occurring by 
first intention. The final result is shown in Figure 2b re 
produced from a photograph taken January 2, 1920. 

Case 2. This case illustrates practically the reconstruc 
tion of the entire pinna. The patient lost the external ear 
in an automobile accident and was referred to me by Dr. 
C. Coleman Berwick of San Francisco. Only the lobule, 
the tragus, and the external auditory canal remained 
(Fig. 3a). The tragus and lobule are the simplest parts of 
the ear to reconstruct. The problem then was to construct 
the remainder of the pinna with its natural contour, color- 
ing, and size and with the proper angle between it and the 
head. It was necessary also that the completed member 
should show no tendency to shrink. This tendency has 
been one of the major difficulties of ear restoration. 

The first operation was done August 14, 1926. At that 
operation the right eighth and ninth rib cartilages were 
removed. A strip of cartilage 4 centimeters by 6 centi 
meters was prepared from the eighth rib cartilage, and the 
perichondrium was removed. This cartilage was placed in 
a tunnel between the skin of the scalp and the temporo- 
mandibular fascia through a small incision 6 centimeters 
above and behind the external auditory meatus. This strut 
of cartilage was then in position to thrust against the tissue 
which is closely adherent just above the meatus. The ninth 
rib cartilage and the remainder of the eighth were buried 
in the fat of the abdominal wall. 





Fig. 2. a, left. Loss of helix from burn. Tubed pedicle 
flap has been transferred upward at one end. b. Completed 
pinna. Tubed pedicle flap sutured to split remains of 
antihelix. 


1Read before the meeting of the California State Medical Society at Sacramento, California, May 3, 1928. 
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Fig. 3. a. Loss of entire pinna except lobule and tragus. 
b. Cartilage has been implanted under the scalp, epithelial 
inlay done behind flap, and one end of the tubed pedicle 
flap transplanted upward. c. Stent has been removed from 
epithelial inlay and tubed pedicle flap again transplanted. 
d. Tubed pedicle flap transplanted into lobule. e. Opened 


On October 1, 1926, a tubed pedicle flap of the Gillies 
type was made on the lower part of the neck on the same 
side as the proposed pinna. The pedicle flap was 1 centi- 
meter in diameter and 16 centimeters in length. It is 
surprising how small in diameter these pedicle flaps can 
be made and how well they maintain their nutrition 
through successive transplantations. The skin selected for 
the pedicle lies just above the clavicle and parallel to it. 

On January 6, 1927, a semilunar incision was made in 
the shape of the proposed pinna, with a radius of about 5 
centimeters from the upper border of the external auditory 
meatus. The incision was carried through the temporo- 
mandibular fascia so that the cartilage had a protective 
covering on its inner surface. A model of the defect behind 
the flap was then made with warm dental modelling com- 


tubed, pedicle flap sutured into split edge of scalp flap. 
f. New helix has been trimmed and finer contours of pinna 
reproduced with implantations of rib cartilage. g. Pinna 
near completion. Finer contours may be reproduced still 
further. 


pound, and a Thiersch graft of one piece, taken from the 
thigh, was wrapped about the model, raw surface out. The 
model and graft were then buried under the flap and the 
wound sutured. This is the typical epithelial inlay of 
Esser. The tubed pedicle from the neck was transferred 
upward at the same operation, by cutting free the lower 
end and transplanting it upward to the upper part of the 
neck just below the lobule. This stage is shown in Figure 
3b. Ten days later the suture line was opened above 
the epithelial inlay and the wax model was removed. As 
is usual with this method of skin grafting, there was a 
complete take of the graft so that no raw areas remained 
and the flap with its cartilage support stood out at a proper 
angle from the head as shown in Figure 3c. On March 17, 
1927, the lower end of the tubed pedicle was transplanted 
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upward, this time joining with the stump of the lobule and 
blending with it, as shown in Figure 3d. 


Fig. 4. a. Loss of upper half of pinna by accident. b. 
First stage as in Figure 3b. Scalp flap smaller. c. Stent 
removed. Lower edge of flap sutured to upper edge of 
remainder of pinna. d. Pedicle flap transplanted upward. 
e. Pedicle flap transplanted to upper extremity of helix. 
f. Transplantation of pedicle to scalp flap complete. g. 
Posterior view of new pinna showing angulation to head. 
h. Pinna as at present. Readjustments and reconstruction 
of finer details of antihelix to follow. 


On May 20, 1927, the pedicle was freed at its distal end, 
opened its full length along the scar of the suture line, and 
sutured into the flap representing the antihelix, after the 
flap had been split along the edge to receive the raw sur- 
face of the pedicle (Fig. 3e). The result was only a crude 
representation of a pinna but it formed a substantial foun- 
dation for the rebuilding of the pinnal contours. Several 
small readjusting operations were done at intervals. Most 
notable of these were the narrowing of the pedicle, now 
become helix, and the implantation of a small strip of 
cartilage taken from the cache in the abdominal wall 
and placed to represent the superior border of the concha 
(Figs. 3f and g). Since completion, this ear has shown 
no evidence of shrinkage. It has taken on a coloring 
almost indistinguishable from the opposite ear, with 
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a. 


Fig. 5. a. Congenital absence of pinna. Lobule present 
but folded forward. Small amount of cartilage present be- 
neath scalp. b. Lobule unfolded and cartilage redistrib- 


the helix much pinker than the antihelix. The few hairs 
which came as a legacy with the scalp were removed 
by the use of the electric needle. In the author’s opinion 
this is the only method by which hair should be removed 
from these flaps. A depilatory dose of roentgen-ray is so 
close to a destructive dose that permanent damage may 
result or at least scarring and telangiectases. 

Case 3. This patient suffered the loss of the upper half 
of the pinna as the result of an accident. The healed stump 
is shown in Figure 4a. The same principle of reconstruc- 
tion was used as had been successful in Case 2. The first 
operation was done on July 21, 1927, when the rib cartilage 
was buried beneath the scalp and the tubed pedicle con- 
structed on the lower neck. On August 22, 1927, the flap 
was cut and the epithelial inlay was carried out, while 
at the same time the lower end of the tubed pedicle was 
transplanted upward behind the lobule as shown in 
Figure 4b. One week later the wax model was removed 
as illustrated in Figure 4c. On September 3, 1927, the 
lower edge of the flap was sutured to the upper border 
of the remains of the pinna after both had been split. 
Transplantations of the tubed pedicle are shown in 
Figures 4d and e. Figure 4f indicates the completed sutur- 
ing of the pedicle to the flap while Figure 4g, showing a 
posterior view, illustrates the manner in which the carti- 
lage bearing flap stands out from the head. The recon- 
struction is not complete, as the patient is to return for 
further remodelling of the pinnal contours. 


Congenital absence of the external ear is not 
unusual, occurring in about 1 in 20,000. At pres- 
ent I have under my care 5 cases of this type. 
This anomaly is generally accompanied by other 
evidences of maldevelopment on the affected side, 
such as absence of the mastoid cells, the external 
auditory canal, the membrana tympani, the mid- 
dle ear, the cochlea, or the semicircular canals. 
Also the seventh cranial nerve may run an anom- 
alous course or may be only partially developed, 
thus giving the symptoms of a facial paresis, as in 
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uted. c. Reconstructed pinna at present. Implanted rib 
cartilage has reproduced tragus. Further details of anti- 
helix will be worked out with strips of rib cartilage. 


one of my cases. Underdevelopment of the entire 
side of the face, so that it has a “dished in” ap- 
pearance, is common. 

Some postmortem findings have been reported 
as follows: 


J. C. Beck, in the Laryngoscope, of November, 1925, 
reported a case with a rudimentary ear. Postmortem ex- 
amination showed that the internal auditory meatus of the 
defective side (right) was very small compared with that 
of the other side. Nerve was present in the canal but there 
was a question whether it was the facial or the auditory 
part of the nerve. No middle ear, no cochlea, and no 
mastoid cells were found but there were two vestiges of 
semicircular canals. The left ear was normal. 

R. C. Lynch, in the Laryngoscope, 1913, No. 23, reported 
a case of congenital absence of both ears. A skin incision 
was made where the mastoid should have been. When the 
periosteum was peeled away, the temporomaxillary joint 
was found instead of a canal behind the smooth outer 
table present in the squamous portions of the temporal 
bone. The facial nerve came out of the skull just behind 
the neck of the maxillary articulation without any evidence 
of a styloid process. When the outer table was clipped off 
the diploe were revealed. 

F. P. Anzinger, in the Ohio State Medical Journal, of 
December, 1923, reported a case of congenital absence of 
the right ear with cleft of the upper left eyelid. The right 
ear was missing, but there were three rudimentary skin 
tags just in front of the right ear zone. Postmortem section 
over the right temporal area showed the skull bone to be 
perfectly smooth with no evidence of auditory canal. 


In the face of these facts it is, in most cases, not 
advisable to open the external auditory canal. 
Only in those cases showing radiographic evidence 
of well developed mastoid cells and an auditory 
canal and giving unmistakable evidence of hear- 
ing on the malformed side should the opening be 
attempted. H. B. Graham has successfully ac- 
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complished the opening of such a canal and 
writes me as follows: 


“The patient, a boy aged 5 years, presented a lack of 
both canals with an absence, on one side, of nearly the entire 
concha and, on the other side, with the cartilage of the 
concha buried beneath the skin of the head. X-ray ex- 
amination showed a well formed middle ear and the max- 
illary joint well anterior to the mastoid process. The hear- 
ing was so poor that the child’s speech was nearly unin 
telligible and he was very hard to manage. At operation 
an attempt was made to open the canal to a point as close 
to the promontory wall as possible, the mastoid cells and 
anterior wall of the mastoid process being removed. A 
skin graft was then introduced and shaped around dental 
modelling compound in the attempt to secure the forma- 
tion of an open canal. This was only partially accom- 
plished, but the hearing was improved to such an extent 
that the child soon learned to talk and became much more 
reasonable in his relations to other children and to the 
family. Further cosmetic surgery was left fora later date.” 

Case 4. This case, referred to me by Dr. Walter Harder 
(Fig. 5a, b, and c), is an example of construction of the 
external ear ina patient in whom it was congenitally absent. 

In this case the external ear consisted of a completely 
formed lobule which was folded forwarded. In addition 
three small fragments of cartilage just above the lobule 
presented the only evidence of pinna. The X-ray picture 
revealed fairly well developed mastoid cells and an audi- 
tory canal. The patient seems definitely to hear on this 
side, probably by bone conduction. 


At the first operation, done August 17, 1927, the in 
folded lobule was unfolded and the cartilages re-arranged 
(Fig. 5b). The procedures illustrated in Case 2 were then 
followed with the result shown in Figure sc. The pro- 
cedure is, of course, incomplete. There is a considerable 
store of cartilage still in the abdominal wall and this will 
be implanted in strips to give the proper contour to the 
antihelix and concha. 


CONCLUSIONS 


This method of reconstruction of the pinna 
possesses the following advantages: 

1. All stages of the reconstruction can readily 
be done under local anesthesia. 

2. The method requires for hospitalization 
only one period of a few days when the rib carti- 
lage is removed and an occasional day when each 
succeeding stage is accomplished. In the inter- 
vals the patient is not disabled. 

3. The new auricle does not shrink or fold up. 

4. The coloring of the new helix and antihelix 
compares favorably with that of the normal ear. 

5. In point of size and angular contact with 
the head it may be constructed to match the op- 
posite ear. 

6. With patience most of the finer details of 
contour may be attained. 
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HASMOLYTIC ICTERUS AND THE TECHNIQUE OF SPLENECTOMY! 


LEO P. BELL, M.D., F.A.C.S., WoopLANbD, CALIFORNIA 
From the Department of Surgery, Woodland Clinic 


characterized by splenomegaly, jaundice, 

the absence of bile pigments in the urine, 
the presence of coloring matter in the stools, and 
a diminished resistance of the red blood cells to 
hemolysis. 

In 1890, Wilson first described cases of congeni- 
tal jaundice associated with splenomegaly and, in 
1898, Hayem described similar cases that were ac- 
quired. The congenital form of hemolytic icterus 
later was associated with the names of Chauf- 
fard and Minkowski. The acquired type became 
known as the Hayem-Widal form of the disease. 

The Chauffard-Minkowski form of the disease 
may be either congenital or familial. In the former 
instance jaundice appears very early in life, while 
in the latter it appears later, but usually during 
childhood. In both of these varieties, there is 
usually a history of other cases in the family. The 
Hayem-Widal form may appear at any time, but 
usually during early adult life. 

The symptoms of the congenital and the ac- 
quired types of hemolytic icterus are very simil- 
ar. There is usually a marked difference in the 
intensity of the symptoms in the two types of 
the disease. In the congenital or familial, the 
patients, as Chauffard said, are “more jaundiced 
than sick.” ‘They may lead normal lives and 
remain completely free from subjective symp- 
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toms. These patients may live to an advanced age 
with no serious inconvenience from their disease. 

On the contrary, the acquired form is much 
more severe. The disease may begin insidiously 
with the appearance of a mild icterus, or by a 
violent sudden onset of pain, fever, and the devel- 
opment of a marked jaundice in an attack which 
simulates that of an obstruction of the common 
bile duct with a gall stone. The attack subsides, 
but the jaundice persists, though it becomes less 
intense. These attacks occur at varying periods of 
time. Anwmia appears, increases, and may be- 
come fatal unless treatment is given. 

The etiology of the condition is obscure. It is 
generally believed to be based upon some toxic or 
infectious cause. 

Our present conception of the origin of jaundice 
in hemolytic icterus is due to Ashoff’s ideas of the 
reticulo-endothelial system; to Whipple’s and 
Mann’s apparently successful attempt to produce 
experimental jaundice in animals when the liver 
had been entirely excluded from the circulation; 
and to Pearce’s work on the spleen and its relation 
to hemolysis. The more accurate methods of 
detecting the slighter changes in the blood intro- 
duced by Van den Bergh have amplified the re- 
sults obtained in earlier research and have led 
directly to the formulation of the new hypothesis 
of the mechanism of jaundice. The differential 
diagnosis between hemolytic and non-hemolytic 
jaundice can often be established by this method. 

McNee has classified jaundice as obstructive, 
hemolytic, and toxic or infectious. This classifica- 
tion correlates very well with the clinical facts and 
experimental data now available. Hamolytic ic- 
terus is a disease of the entire haematopoietic sys- 
tem. The source of jaundice is chiefly from the 
liver, spleen, and bone marrow. 

The jaundice of hemolytic icterus is caused by 
an accumulation in the liver of the products of 
cell disintegration to such an extent that the liver 
is unable to take care of them properly and a cer- 
tain amount of altered pigment is absorbed into 
the blood stream. This jaundice is unusual. It is 
mild, deepens during a crisis, and never becomes 
dark brown as in a long standing obstructive 
jaundice; the urine does not contain bilirubin; and 
the stools do not contain sterocobilin, their nor- 
mal coloring agent. No itching is present, nor is 
there a decrease in the coagulability of the blood. 


'Read before the California State Medical Association at Coronado, May 8, 1929. 
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Fig. 2. Division of lieno-gastric ligament. 


The spleen is a hemolymph node and a part of 
the haematopoietic system (Fig. 1). It may be 
considered as a coarse filter for cellular elements 
of the blood that have outlived their usefulness, 
especially for the breaking down and removal of 
degenerated red blood cells, and as a limited 
source of white blood cells. 

The pathogenesis of the disease has been ex- 
plained in two ways. One group of investigators 
believes that it is essentially an increased fragility 
of the red cells, or, in other words, that the cause 
of the disease is to be found in a perversion of the 
function of the bone marrow which produces cells 
that are more easily fragmented than normal cells. 
According to this theory, the splenomegaly is 
merely the reaction of the spleen to the presence 
in the blood of an increased number of cells that 
are ready for destruction. The other school be- 
lieves that the cause of the disease lies in the 
spleen. This organ for some reason is excited to 
overactivity and destroys more cells than under 
normal conditions. Neither of these theories is 
adequate to explain all of the findings in the dis- 
“ase. 

The increase of fragility of the red cells is a 
demonstrated fact in so far as our methods are 
capable of demonstrating it. The resistance of the 





Fig. 3. Freeing of adhesions over spleen. 
) 5 


red blood cells has returned to normal in a large 
number of cases when successful splenectomy has 
been done. Frequently, even though the patient 
is clinically cured, this resistance of the red blood 
cells remains unchanged. 

In the absence of the spleen, erythrocyte dis- 
integration takes place in various remote areas of 
the body, probably the bone marrow and possibly 
the hemolymph nodes. Under these circum- 
stances, the products of red cell destruction reach 
the liver by a longer route and in a less concen- 
trated form. The liver is better able to take care 
of the material, and jaundice results only when 
red cell destruction has reached a higher degree 
than is required when the spleen is present. 

It has also been suggested that the increased 
fragility of the red cells is due to the action of 
some toxins, either produced in the spleen or in 
some way activated by it. This theory has little 
evidence to support it. 

There is no characteristic pathological picture 
in hemolytic icterus. There is a deep congestion 
of the pulp and active phagocytosis of the red 
cells, both by the macrophages and by the poly- 
nuclears. The spleen is always enlarged, some- 
times enormously so, and contains an increased 
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Vig. 4. Elevation of spleen and placing of gauze pack. 


amount of iron containing pigment. There is 
usually a slight degree of fibrosis and thickening 
of the capsule, and areas of perisplenitis may be 
found. 

The liver may be occasionally enlarged and 
show a biliary cirrhosis. The kidneys and bone 
marrow are also deeply pigmented. The bone 
marrow is of the erythroblastic type and offers no 
histological evidence of any abnormality in the 
mode of erythrocyte production. 

Cholelithiasis is present in about 60 per cent of 
cases. Typical gall bladder disease may compli- 
cate the symptoms. 

The blood picture varies with the degree of 
intensity. The red cells show well marked ani- 
socytosis with a predominance of microcytes 
rather than macrocytes. These microcytes are 
often irregular in shape and have been described 
as fragmental forms of cells. Polychromatophilia 
is marked, but granular degeneration is not so 
frequent. There is a marked increase in reticu- 
lated reds stained by vital stains. Normoblasts 
are found occasionally. Myelocytes may be pres- 
ent. Megoblasts and myeloblasts are rare. The 
hemoglobin is usually low and the color index 
below 1. 
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Fig. 5. Separation of pedicle into two parts and division. 


The blood serum generally contains urobilin. 
Bilirubin is present as a rule only during a crisis. 
The urine contains urobilin, often in very large 
quantities. The amount of urobilin in the stools 
and duodenal contents is increased to many times 
the normal amount. 

The mortality when splenectomy is performed 
is 16 per cent in 65 cases, as reported by Elliott in 
1917. The statistics of the Mayo clinic show a 
mortality of 2.7 per cent in 37 cases. Recovery is 
as a rule rapid and complete. No operative pro- 
cedure should be contemplated when active 
hemolysis is taking place. Preparation by trans- 
fusion is often a necessity. 

The success of splenectomy depends in a large 
measure on the selection of the time of operation 
and careful pre-operative preparation. 

Following are the reports of 2 cases illustrating 
the congenital and acquired types of this disease 
with complete symptomatic cure following sple- 
nectomy. 


Case 1. R. M.S.,a male, aged 6 weeks, was first seen on 
March 9, 1926. His family history was essentially negative. 
The past history showed normal delivery, but the child had 
not gained well. He had been jaundiced and constipated 
for 1 week. Physical examination showed marked jaundice 
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Fig. 6. Peritonizing raw surfaces of diaphragm and 
splenic pedicle. 


and anemia. The spleen was much enlarged. Laboratory 
examination showed hemoglobin, 32 per cent; many nor 
moblasts and megaloblasts; and moderate polychromato 
philia. The red cells exhibited fragility within normal 
limits. 

Transfusion was given March 13, 1926, with marked 
benefit; jaundice lessened, haemoglobin increased. Transfu 
sions (12 in all) were given at short intervals with tem 
porary benefit. The first 6 transfusions were given through 
the anterior fontanelle; the last 6 intraperitoneally. The 
child’s attacks of increased jaundice and anwmia were fre 
quent but only moderately severe. However, no permanent 
improvement could be obtained. The serum bilirubin was 
increased and the urine showed a considerable amount of 
bile. The fragility of the red blood cells was only slightly 
increased at any time. 

Splenectomy was done on April 25, 1927. The weight of 
the spleen was 170 grams. The gall bladder was small, 
atrophic, thick walled, and inflammatory; there were no 
stones. No hepatitis was discovered. The child’s progress 
following splenectomy was entirely satisfactory. His 
growth and development were normal for his age. On 
April 8, 1928, the hemoglobin was 75 per cent. 

Case 2. M. R., a male, aged 15 years, was first seen 
January 1, 1925. His family history was essentially neg 
ative. He had had tonsillitis frequently; adenoids had been 
removed, The boy had been jaundiced at birth. This con- 
dition had cleared promptly and the patient had been 

perfectly well to the age of 2% years, when he had been 








lig. 7. Relationship of stomach, tail of pancreas, and 
splenic flexure of colon to the spleen surface and pedicle, 
and dangers encountered, with injury to these organs in 
surgical removal. : 


jaundiced for 3 weeks; then he had been well to the age of 
4 years when he had had an attack with high fever and 
abdominal pain. He had never been well since this attack. 
Following this he had had many attacks characterized by 
diarrhoea, severe headache, sore throat, and deep jaundice. 
There was no severe upper abdominal pain and little gas or 
sour stomach. He had periods of severe anemia. Physical 
examination showed a very pale, anemic, and jaundiced 
boy. His tonsils were markedly diseased. The spleen was 
enormously enlarged and tender. Laboratory examination 
gave the following results: haemoglobin, 43 per cent; 
poikilocytosis and anisocytosis; marked increase in fragility 
of the red cells; and urinalysis, essentially negative. 

Transfusion was given on January 2, 1925. The haemo- 
globin on January 8 was 22 per cent. 

Splenectomy was performed on January 14. The weight 
of the spleen was 2,000 grams. The gall bladder was thick 
walled and there were no stones. The liver was normal. 
Transfusion was immediately given. The patient showed a 
rapid gain in strength and growth. On December 31, 1927, 
the hemoglobin was 80 per cent. He has attained normal 
growth and size and shows marked thickening of the 
cranium. 


Splenectomy was performed in the first instance 
ona child 15 months old and, at the present time, 
the patient is apparently normal. As far as my 
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Fig. 8. A. 7, Posterior or dorsal lumbar incision; 2, 
S-shaped midline incision; 3, paramedian laparotomy with 
horizontal incision.  B. Thoraco-abdominal incision. 
(ee 4, Posterior or dorsal lumbar incision. 


information goes, this is the youngest patient 
with hemolytic icterus reported in the American 
literature. In England, ‘Taylor reported 3 cases of 
very young children, g, 11, and 13 months respec- 
tively, on whom splenectomy was done. 

My second case is classified as an acquired type 
because of the intensity of the symptoms. Re- 
peated attacks of profound anawmia followed one 
another over a number of years. Marked thicken- 
ing of the skull occurred before splenectomy and 
the increase was about twice to three times nor- 
mal thickness after splenectomy, which illustrated 
the marked activity and involvement of the bone 
marrow. No bones except the skull were involved 
in this process. Wilson notes a similar condition 
in his patient. M. Ganssler states that 11 of his 
22 patients had steeple skulls. 

The diagnosis of haemolytic icterus is difficult at 
times. To reach a definite conclusion, observation 
must extend over a considerable length of time. 
As Kennedy has shown, there is among children a 
considerable group of enlarged spleens which can- 
not be classified. 

The choice of operative incisions varies with the 
size of the spleen and the perisplenitis to be 
encountered. Figure 8 illustrates various possible 
approaches. The straight left rectus incision, as 
advocated by Balfour, is the most advantageous 
in splenic anemia. The stages of splenectomy are 
illustrated in Figures 2, 3, 4, 5, and 6. The 
dangers of possible injury to the stomach, pan- 
creas, and large bowel due to their close proximity 
to the spleen are best illustrated in Figure 7. 

CONCLUSIONS 
Hemolytic icterus, either acquired or con- 
genital, requires splenectomy for permanent clin- 
ical cure, which is obtained by this measure. 


GYNECOLOGY AND OBSTETRICS 


The mortality is comparatively low, when 
careful preparation has been made. 
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NO strong are the tendons that doubt has been 
S expressed by some that rupture really oc- 

~~ curs unless some pathological change be 
present in the tissue. In most cases (Honigmann) 
the joints subluxate or luxate or the bones frac- 
ture or the muscles tear through at the musculo- 
tendinous junction or the tendinous insertion 
gives way (Bange) before the tendon itself tears 
through. Adams adds an interesting case to those 
reported in the literature illustrating the remark- 
able tensile strength of the tendons. A seaman 
caught the tips of the right middle and ring fingers 
in a door jamb, and apparently jerked his hand 
away quickly, with a resultant crushing injury to 
the ring finger and amputation of the distal pha- 
lanx of the middle finger. The whole tendon and 
muscle belly of the flexor digitorum profundus 
(15 inches in all) pulled away with the amputated 
finger tip. Odermatt remarks that the condition 
may not be so rare as is supposed, noting that 
Gruber found two instances of complete rupture 
and one incomplete tendon rupture among 1,200 
hands (600 cadavers). In our experience subcu- 
taneous rupture is not of frequent occurrence, 
though it is not improbable that in many instances 
the condition does not cause sufficient functional 
disability to lead the patient to a surgeon. 

Subcutaneous tendon ruptures may be divided 
into a number of different types and classified in 
many ways. The most frequent classification is 
the one used by Stapelmohr who divided the con- 
ditions into those following a direct blow on the 
tendon, those following an indirect trauma, and 
lastly the spontaneous tendon ruptures which 
may be either post-traumatic, or due to a disease 
of the tendons. Those due to direct trauma are 
by far the most unusual, though extensor tendon 
rupture over the proximal interphalangeal joint is 
said by Hauck to be usually due to direct trauma. 


TABLE 1. SUBCUTANEOUS TENDON RUPTURE 
A. Direct) trauma tendon caught between bone and 


traumatizing agent. 
B. Indirect trauma forcefully contracting tendon sub 

jected to forceful passive force in opposite direction. 
C. Spontaneous rupture 

1. Post-traumatic aseptic necrosis or degeneration of 
tendon due to single severe or often repeated minor 
trauma. 
Disease of tendon-—e.g., tuberculosis, gonorrhoea, 
syphilis, gout, etc. 


to 


From the anatomical location tendon ruptures of the 
han 1 may be classified as follows: 
Rupture of the extensor tendons 
1. At the insertion into the distal phalanx, 
2. At the insertion into the middle phalanx, 
3. Rupture or dislocation over the metacarpophalan- 
geal joint, 
4. Rupture at the wrist. 
3. Rupture of the flexor tendons. 
1. In the fingers, 
2. At the wrist. 
RUPTURE OF THE 


EXTENSOR TENDONS 


Al the insertion into the distal phalanx. Indirect 
injury may lead to rupture of both normal and 
pathological tendons; the normal tendons which 
most frequently rupture following indirect injury 
are the extensors of the third, fourth, and fifth fin- 
gers at their insertion into the terminal phalanx. 
Schlatter, in a group of 34 cases of tendon rupture 
over the terminal phalanx, found 22 on the right 
side and 9 on the left side, 12 affecting the middle 
linger, 9 the ring finger, and to the little finger. 
Males are more often affected than females. The 
injury appears to occur after apparently slight 
trauma. Thus in two cases reported by Durban, 
a mother and son were injured in exactly the same 
fashion, during the removal of stockings. While 
stripping the stocking from the leg the tip of the 
actively extended middle finger caught in the in- 
elastic seam at the top thus leading to a forceful 
passive flexion of the terminal phalanx; something 
seemed to crack and the finger tip was found flexed 
and could not be extended. In one case here illus- 
trated the identical trauma, stripping off of stock- 
ings, lead to rupture at the base of the distal pha- 
lanx of the right middle finger (Figure 1 shows 
result of operative repair). A patient recently 
seen caught his hand in a garage door which he 
was closing behind him (Fig. 2). The right middle 
finger was caught between the two leaves of the 
door in such a way that the finger was forcibly 
flexed at both interphalangeal joints, while the 
metacarpophalangeal joint was still extended. 
This injury is not infrequently seen on the baseball 
field, due to a blow on the tip of an extended fin- 
ger and it is from this association that it receives 
its name of “baseball finger.” The injury con 
sists usually of a capsular tear associated with a 
separation of the tendon from its insertion. Since 
the two structures, capsule and tendon, are here 
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Result one and one-half years after repair of 
ruptured extensor tendon over distal interphalangeal joint 


Fig. 1. 


of the right middle finger. While removing the stockings 
the patient caught the tip of the actively extended finger 


so intimately united that they cannot be dissected 
as separate and distinct structures, it is difficult 
to say which broke through first. In some cases 
(Glass, Durban, Schlatter), the tendon in pulling 
away from the bone takes a small shell of the distal 
phalanx with it, a condition which can be nicely 
demonstrated by lateral roentgenograms. 
Swelling associated with considerable pain 
comes on quite rapidly after the injury. The typ- 
ical flexion deformity which results (Figs. 2 and 
13) is often diagnosed as a dislocation and this is 
reduced and splinted in extension. Often not un- 
til the splint is removed is the true condition 
recognized and proper treatment instituted. A 
certain number (especially those in which a cor- 
tical fracture is present) will heal if kept splinted 
for from 6 to 8 weeks in slight hyperextension. 
For this purpose numerous ingenious removable 
metal and celluloid splints have been devised 
(Sonntag, Glass) and good results have been ob- 
tained from their use. Lewin’s splint (Fig. 3) has 
been used by us and found very satisfactory. ‘The 
regenerative powers of the extensor tendons 
(which are not enclosed in sheaths) are such that 
if given a chance and good approximation, healing 
will occur. Occasionally, however, the tendon 
heals in a lengthened condition even with the best 
of treatment. Ina patient recently treated by Dr. 
Kanavel the tendon had healed but was too long 
to permit complete extension. To obtain shorten- 
ing it was necessary to make a step cut incision 


against the inelastic seam at the top of the stocking, caus- 
ing forceful passive flexion and subcutaneous rupture of the 
tendon. 


through the tendon and overlap the ends to obtain 
a shortening of 1 centimeter. 

Since healing is likely to occur with the ten- 
don in a lengthened condition with subsequent 
dropped finger tip, and since the joint space is al- 
ways opened into by the trauma with the possi- 
bility of tags of tissue lying within the joint which 
may become ankylosed, operative repair of the 
injury is the method of treatment of choice. Ex- 
posure of the injured area is best done through an 
incision which does not lie directly over the line 
of proposed tendon and capsule suture, which does 
not interfere with the nail bed, and gives adequate 
space for suturing. This may be accomplished by 
an L-shaped incision over the dorsum, the long 
limb of the L running along the posterolateral 
surface of the finger and extending froma point 1% 
centimeters proximal to the distal interphalangeal 
joint to a point 34 centimeter distal to the joint. 
The short arm of the L passes transversely across 
the finger proximal to the nail bed from the distal 
end of the longer incision. Usually little difficulty 
is experienced in approximating the tendons, since 
separation is not great due to the attachment to 
the proximal interphalangeal joint. The joint 
cavity should be inspected for tags of tissue which 
may have found their way into it, and if any are 
found they should be removed. The tendon and 
the joint capsule are then carefully repaired with 
fine silk sutures. During the suturing the terminal 
phalanx is held in slight hyperextension. After 
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lig. 2. 


Fig. 3. 


lig. 2, left. Typical deformity resulting from rupture of the extensor tendon 


insertion into the distal phalanx. 


The actively extended finger was caught in a 


garage door in such a fashion that the interphalangeal joints were forcibly flexed. 


Fig. 3. 
over the distal phalanx. 
after operative repair. 


The Lewin splint for “baseball” finger, i.e., rupture of extensor tendon 
The splint may be used immediately after the injury or 
It holds the joint in hyperextension, an important point, 


since the tendon is likely to heal in lengthened position. 


skin closure, the finger is kept slightly hyperex- 
tended on a volar splint for 3 weeks at the end of 
which time movements are allowed and physical 
therapy instituted. The results are usually good 
if asepsis has been rigid and if healing occurs with- 
out infection. 

Rupture of dorsal aponeurosis over the proximal 
inter phalangeal joint of the fingers. While rupture 
of the extensor tendon over the joint between the 
middle and proximal phalanges of the fingers is 
not a common injury the anatomical arrangement 
of the aponeurosis at this place and the typical 
deformity produced make it an interesting study. 
The whole question has been studied exhaustively 
by Hauck (1923). The tendons, or the common 
extensors (Fig. 4), on approaching the metacarpo- 
phalangeal joint spread out fanlike and over the 
proximal phalanx of the finger divide into a cen- 
tral and two lateral bands. The central slip in- 
serts along with the capsule of the joint into the 
base of the middle phalanx and sends a loose 
tendinous attachment to the proximal phalanx. 
The lateral slips pass to either side around the 
proximal interphalangeal joint, converge over the 
middle phalanx distal to the proximal interpha- 
langeal joint, and insert into the joint capsule of 
the distal interphalangeal joint and base of the 
terminal phalanx. The interosseus and lumbrical 
tendons fuse with these three slips distal to the 
metacarpophalangeal joint. The triangular ex- 
pansion of the interosseus-lumbricalis insertion 
into the dorsal aponeurosis may be divided into 
two portions—a deep and a superficial. ‘The su- 


perficial fibers run into the middle portion of the 
dorsal aponeurosis in such a fashion that the more 
proximal run almost transversely and the distal 
more and more obliquely as the joint is ap- 
proached. The deeper portion also runs trans- 
versely in its proximal part, becoming more and 
more oblique as the tendinous sheet is followed 
distally, and ends in the region of the proximal 
interphalangeal joint. Both superficial and deep 
portions of the interosseus-lumbricalis tendons 
with the exception of a few distal fibers which in- 
sert into the joint capsule of the first interpha- 
Jangeal joint, end in the lateral slips of the dorsal 
aponeurosis. In this manner the extensor tendon 
is strengthened both at its insertion into the mid- 
dle phalanx and at its insertion into the distal 
phalanx by the tendons of the lumbricals and 
interossei. Although controversy exists as to 
whether fibers from the extensor tendon actually 
reach the distal phalanx, Hauck’s views, supported 
by many anatomists, appear to be correct to us, 
viz.: that the extensor tendon through its lateral 
slips gains attachment to the distal phalangeal 
bone. 

The action of the extensor and lumbrical-in- 
terosseus tendons on the finger is quite compli 
cated. The dorsal tendon can extend the finger in 
all its joints unaided by the lumbricals and inter 
ossei but when the metacarpophalangeal joint 
passes from complete extension to hyperextension 
a flexion of the proximal and terminal interpha- 
langeal joints occurs unless the interossei and 
lumbricals are brought into play. Hauck, by an 











614 SURGERY, GYNECOLOGY AND OBSTETRICS 





Vig. 4, A, left. The dorsal aponeurosis from the upper 
surface —the lateral fibers coming in from the lumbrical and 
interosseous muscles spread out fanlike to end in the central 
and lateral portions of the extensor aponeurosis. ‘The 
majority of the central slip of the aponeurosis ends in the 
distal part of the proximal interphalangeal joint capsule 
tear of this insertion would permit herniation of the joint 
through a buttonhole like defect. B, The dorsal aponeuro 
sis seen from the under surface. From G. Hauck. 


ingenious model (Fig. 5) and by experiments on 
cadavers, has shown that this may be explained 
upon a purely mechanical basis. At first when 
pull is exerted upon an extensor tendon the trac- 
tion is exerted upon the distal and middle pha- 
langes which extend along with the metacarpo- 
phalangeal joint until full extension has been 
obtained in all the joints. However, as soon as 
the tendon pull on the proximal phalanx has tak- 
en up all the slack in the loose tendon attachment, 
the whole pull of the extensor tendon is trans- 
ferred here, allowing the distal portion to loosen 
and slight flexion to occur. These observations | 
have confirmed on cadaver hands. Although the 
joints in preserved material are not especially 
flexible it can be easily demonstrated that the pull 
exerted on the distal phalanx by force exerted on 
the extensor tendon is less when the finger is 
hyperextended than when the finger is flexed. In 
the living hand, especially in such conditions as 
ulnar paralysis in which the lumbricals and in- 
terossei are not functioning, this mechanism is 
beautifully illustrated, particularly with reference 
to the ring and little fingers (Fig. 6). In the nor- 


mal hand the extension of the two distal phalanges 
is accomplished by the extensor tendon and the 
lumbrical and interosseus tendons. When the 
proximal phalanx has been hyperextended active- 
ly, however, the two distal phalanges are extended 
by the latter two muscles, the extensor tendon no 
longer being able to do so. 

The rupture of the dorsal aponeurosis over the 
proximal interphalangeal joint is due to either 
direct or indirect trauma. The middle finger is 
the most frequently affected, though several cases 
have been reported in which the fifth finger was 
involved. The right hand is more frequently 
affected than the left. As to type of trauma, two 
fairly definite etiological agents are present. In 
the one instance the fingers are being actively ex- 
tended, and a blow or a fall leads to forceful pas- 
sive flexion. In the other type, and this seems the 
more frequent, a blow strikes the first interpha- 
langeal joint while it is flexed. It would seem that 
the taut tendon is caught between the traumatiz- 
ing agent and the bone and breaks or tears across. 
It is the middle portion of the dorsal aponeurosis 
which ruptures, the two lateral slips now loosened 
from their attachment about the joint slip volar- 
ward, and the joint comes to lie between them as 
ina “button-hole.”” The volar dislocation is fur- 
ther increased by the pull of the lumbrical and 
interosseus muscles. The finger assumes then a 
typical deformity as shown in the accompanying 
photograph (Fig. 7), ie., extension or hyperexten- 
sion of the distal phalanx, flexion of the middle 
phalanx, and extension or even hyperextension of 
the proximal phalanx. The deformity is increased 
by anything leading to increased tension of the 
extensor tendons, active extension of the fingers, 
or passive flexion of the wrist. Diminution of the 
tension of the extensor tendons causes a certain 
diminution of the deformity. Attempts at exten- 
sion of the middle phalanx cause pain about the 
proximal interphalangeal joint and a sense of 
spring-like rigidity along the side of the middle 
phalanx. Similarly, flexion of the distal phalanx 
causes pain about the proximal interphalangeal 
joint and the same sense of a spring-like tension. 
On making a fist the finger can be flexed almost to 
normal so that the tip almost but not quite 
touches the palm; however, as soon as the finger 
is extended the hyperextension of the distal pha- 
lanx recurs before the metacarpophalangeal joint 
is entirely extended. 

The deformity appears at the moment the in- 
jury is sustained and is associated with pain and 
immediate swelling. The pain subsides but the 
swelling does not entirely disappear. Functional 
disturbance as far as the finger itself is concerned 
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G. Hauck’s patented model to illustrate the 


Fig. 5. 
action of the extensor tendons on the fingers. The interos- 
seous-lumbrical tendon is shown by dotted line in A. 
(This latter tendon has an insertion into the base of the 


proximal phalanx, this is not shown.) It is easily seen how 
is considerable though the uses to which the hand 
may be put would determine the degree. The 
roentgen-ray usually shows no bony injury, 
though in a case observed by us (Fig. 7) an irreg- 
ular shadow proximal to the joint showed the 
after-result of a periosteal tear.! 

The condition responds well to operative treat- 
ment, though full free movements can scarcely be 
promised. When an incision is made over the 
joint the capsular tear is usually evident, the joint 
cavity being frequently opened up. In case of old 
injury, however, scar tissue may be present and 
conceal the location of the tear. The joint pro- 
jects upward between the two lateral slips which 
are displaced volarward. In the repair the middle 
slip is sutured back into position after the lateral 
slips have been brought back dorsally to relieve 
the tension. Following this, sutures are placed 
across the bone approximating the lateral slips to 
the midline to correct the volar dislocation. ‘The 
finger should be kept in a splint in extension for 4 
weeks after which active and passive movements 
and physical therapy should be instituted. 

Dislocation of the dorsal tendons over the meta- 
carpophalangeal joints. This rare condition in 
which the dorsal tendon slips to one side of the 
head of the metacarpal bone or in which a button- 
hole luxation of the joint through the tendon is 
present has been recently studied by Levy who, 
following Maydl’s classification, divided the in- 
stances into the traumatic and the pathological 
dislocation. But 6 cases of undoubted traumatic 
dislocation could be found by Levy. The path- 
ological type due to deforming arthritic changes 
about the joints or to some central nervous sys- 
tem disturbance associated with paralysis appears 
to be the more frequent. In a case of Levy’s the 
condition was apparently congenital—the pa- 


‘Open division of the extensor insertion into the middle phalanx leads 
to the same typical deformity as is shown in Figure 8. 
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C: 


rupture of the extensor insertion into the base of the middle 
phalanx would allow the lateral slips of the tendon to be 
displaced volarward, thus causing the typical deformity of 
flexion of the proximal interphalangeal joint and extension 
of the distal interphalangeal joint. 


tient, a medical student, could voluntarily dis- 
locate the extensor tendon to the right middle and 
ring fingers; the girl’s father could do likewise 
with the right and left middle fingers, and her 
paternal grandmother was said to have the same 
disability. Ritschl’s case of button-hole dislo- 
cation of the metacarpophalangeal joint of the 
little finger through the extensor aponeurosis ap- 
pears to be the best known. ‘Too few cases are on 
record to make any worth while comments on 
the incidence of sex, age, or various tendons. The 
pathology appears to be little understood in the 
traumatic cases; some claim the binding appa- 
ratus between the tendon and the metacarpal and 
first phalanx is torn; others, that the juncture 
tendinum is torn across. In the button-hole dis- 
location the same traumatic factor probably ob- 
tains as in other dorsal tendon ruptures and dis- 
locations. Tearing off of bits of bone along with 
the tendinous attachment has been suggested 
by Levy. 

Few symptoms are caused; weakness and easy 
tiring of the finger are noted. During flexion the 
tendon may be felt to snap down onto the side 
of the metacarpal head and there results some 
difficulty in extending the finger. Pain and some 
tenderness are present in the traumatic cases. 

In early cases splinting in extension may lead 
to restoration of function to normal; with older 
cases, however, operative treatment is necessary; 
the dislocated tendon must be brought into posi- 
tion and held there by means of fascial bands over 
the head of the metacarpal and to the neighbor- 
ing tendon. Iselin used tendon transplants for 
the connective tissue between the tendons. At 
times the juncture tendinum is too lax and should 
be shortened. 

Rupture of tendons at the wrist. Inasmuch as 
normal tendon will not rupture without consid- 
erable trauma, spontaneous tendon rupture must 
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Vig. 6. Photographs of the left hand of a patient with an 
ulnar paralysis to show the mechanism of action of the 
extensor tendons. A, Limits of extension of fingers, with 
some hyperextension of the metacarpophalangeal joints. 
A', When these joints are slightly flexed there is in 
creased power of extension of the interphalangeal joints. 


A, A. 


be preceded by some disease or injury leading to 
such weakening of the tendon structure that the 
tendon gradually gives way or quite minimal 
trauma leads to its separation. Although Volk- 
mann spoke of a fragilitus tendinum, modern 
writers do not accept this as a proved entity, but 
rather assume that some quite definite agent has 
led to weakening of the tendon substance and its 
eventual rupture. Tuberculous tenosynovitis, as 
has been shown by Kanavel, will ultimately lead 
to involvement of the tendons themselves with 
fragmentation and division. Rarely is more than 
one tendon destroyed. The loss of function may 
not be noted by the patient due to the fact that 
the hand is little used. Occasionally the disability 
may occur suddenly but painlessly. Out of 21 
available records of tuberculous tenosynovitis in 
Dr. Kanavel’s files, rupture or impending rupture 
of tendon was noted to occur in to instances. In 
7 instances the flexor tendons were involved as 
follows: 

Case 1, flexor digitorum sublimis and_pro- 
fundus to the index finger; Case 3, flexor digi- 
torum sublimis and profundus to the ring and 
little fingers; Case 4, flexor digitorum sublimis to 
the fifth finger; Case 5, flexor digitorum sulbimis 
to the little finger; Case 7, a slip of the flexor digi- 
torum sublimis to the index finger; Case 9, flexor 
digitorum profundus to the index and middle 
fingers; Case 10, flexor digitorum sublimis and 
profundus to the little finger. In three instances 
extensor tendons were involved: Case 2, the ex- 
tensor pollicis brevis; Case 6, all extensor tendons 
were thin, wavy, and thread like; Case 8, the ex- 
tensor pollicis longus and brevis. 





B} c. C? 


B and B' and C and C! show the same phenomena in 
the middle and ring fingers respectively; in B and C the 
fingers are extended as far as possible. B' and C'! show the 
degree of extension possible when the metacarpophalangeal 
joint is slightly flexed by digital pressure when the patient 
is attempting to actively extend the finger. 


In most instances it has been possible to suture 
the ruptured tendon to adjacent tendons and se- 
cure good return of function as shown in case 
reports at the end of this paper. In a case recently 
operated upon by Dr. Kanavel, however, both 
extensors of the thumb had been destroyed and it 
was necessary to graft a tendon from the foot into 
the defect in the extensor pollicis longus (ig. 10). 
This graft was removed as shown in Figure 9 and 
the hand put up with the thumb in extreme exten- 
sion. Healing took place by primary intention, 
and 2 months after operation (Fig. 11) the funct- 
ion of the thumb was perfect. 

With other conditions such as gonorrhoea, ty- 
phus fever, lues, gout, or deforming arthritis lead- 
ing to tendon rupture, the author has had no 
personal experience. Tumors of tendons (Oder- 
matt) may also lead to rupture, though their great 
rarity makes this a very remote, possible cause for 
spontaneous rupture. 

Trauma is by far the most frequent cause for 
so-called spontaneous rupture, and inasmuch as 
but one tendon appears to be at all frequently 
affected the rupture of this tendon may be dis- 
cussed. Spontaneous rupture of the extensor pol- 
licis longus was first studied in the German army 
(Duems) where it had long been looked upon as 
an isolated paralysis. The traumatic moment 
which is responsible for the condition may be 
either chronic irritative trauma or a single injury. 
A knowledge of the anatomy of this particular 
tendon explains the tendency to spontaneous 
rupture and, of course, the functional disability 
resulting therefrom. The tendon of the extensor 
pollicis longus passes from medial to lateral side 
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Fig. 7. Typical deformity resulting from rupture of the 
extensor tendon over the proximal interphalangeal joint. 
The fully and strongly actively extended left ring finger 
was struck on the tip by a swift basketball. The roentgen 
ograms show a bony proliferation due cither to tearing 
away of periosteum or a chipping fracture. 


of the dorsum of the forearm obliquely across the 
lower end of the radius and carpus, crosses over 
the extensor carpi radialis longus and_ brevis 
which separate it from the carpal bones and, run- 
ning over the medial and the dorsal surfaces of the 
first metacarpal, reaches the dorsum of the pha- 
langes and inserts into the base of the distal pha- 
lanx of the thumb. It is covered by an individual 
sheath from a point just proximal to the dorsal 
carpal ligament to the region of the head of the 
first metacarpal. Over the dorsum of the lower end 
of the radius it passes through a groove bounded 
on each side by osseous ridges to which the dorsal 
carpal ligament is attached, which thus completes 
a dense osseo-ligamentous tunnel in which the 
tendon is confined. It forms the medial boundary 
of the anatomical snuff-box (or fabatiere), the lat- 
eral boundary of which is formed by the extensor 
pollicis brevis and abductor pollicis longus. The 
extensor pollicis longus is an abductor of the 
thumb and its metacarpal extensor of the pha- 
langes of the thumb, it assists the extensor pollicis 
brevis in extending the proximal phalanx, but 
forms the sole extensor of the distal phalanx. A 
certain intermingling of fibers of the two thumb 
extensors takes place over the proximal phalanx. 
The tendon is covered by a tendon sheath as 
already described, but a mesotenon is present 
through but a limited part of this sheath. It has 





Vig. 8. Deformity resulting from open division of the 
extensor tendon over the proximal interphalangeal joint. 
This deformity is exactly similar to that following sub 
cutaneous rupture at the same location. The proximal 
interphalangeal joint rested in flexion with active motion 
possible between extension to 135 degrees and flexion to 
go degrees. The distal interphalangeal joint was extended 
to 180 degrees and could be flexed about 15 degrees. 
Operation revealed division of the extensor insertion into 
the middle phalanx and partial division and volar displace 
ment of the radial slip of the extensor tendon. 


been pointed out by Rau, Weigeldt, and others 
that after the age of 25 years the vascular supply 
to the tendon becomes progressively diminished. 
In its course the tendon is subject to two sharp 
turns both of which are at the distal end of the 
dorsal carpal ligament. One of these turns is in a 
horizontal plane as the tendon curves laterally 
from the groove on the radius about the distal end 
of the ridge forming the lateral border of the 
groove. The other turn is in a sagittal plane at 
the distal end of the dorsal carpal ligament. This 
latter change in direction is present only when 
the wrist is dorsi-flexed. These are the essential 
factors which predispose to chronic tenosynovitis 
as result of use or trauma. 

As studied first by Duems, the condition was 
known as Trommlerlachmung (drummer’s palsy) 
or Trommlersehne (drummer’s tendon) from the 
fact that the drummers in the German army were 
long known to be subject to a peculiar paralysis 
of the distal phalanx of the left thumb. Duems 
showed that the condition was not due to a paral- 
ysis of the long extensor of the thumb but to rup- 
ture of the tendon. Since then a few other occu- 
pations have been shown to predispose to the 
condition. Among these occupations may be 
noted that of waiters, tailors (Hunt), furniture 
polishers, carpenters (Barnes), rubber workers, 
and wood-carvers. It is to be noted that these are 
all occupations calling for voluntary rather rigid 
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Fig. g. ‘Tendon transplantation for repair of extensor pollicis longus destroyed by 
tuberculosis. 1, Extensor tendon of foot exposed, leaving paratenonous tissues about 
it. Longitudinal incisions are made to either side of the tendon through the para 
tenonous tissues. At either end of these incisions catgut ligatures are passed around the 
tendon and tied in order to keep the tissues attached to the tendon. B, Sutures passed 
through tendon and paratenonous tissues. After the suture is made the catgut ligature 


and the tendon it surrounds are excised. Cand /, Details of suture lines. 


In /. the 


suture of paratenonous tissues is shown. JD, Suture at proximal line completed. 


fixed position of the hand. The drummer grasps 
the stick (in the left hand) between the thumb and 
the second metacarpal, while the vibratory mo- 
tion of the stick leads to continuous highly fre- 
quent movements of the tendon of the thumb. 
The same factors are present in the other occupa- 
tions named. According to Dittrich the trauma 
to the tendon occurs over the distal end of the 
dorsal carpal ligament as suggested by Duems or 
over the osseous ridge of the radius—Steudel, zur 
Verth. Excessive use of the tendon with its angu- 
lation leads to a chronic tenosynovitis with pain 
and swelling. The chronic aseptic inflammation 
continues with persistence of the trauma and leads 
to eventual division of the fibers. 

When division follows a single injury the case is 
somewhat different. Here we have to deal with 
but one trauma, not repeated trauma which so 
disturbs the structure of the tendon that it leads 
to eventual rupture. The trauma which most fre- 
quently leads to spontaneous rupture is frac- 


ture of the radius. Ashhurst remarks that in view 
of the anatomy of Colles’ fracture the disability 
should really occur more frequently than it does. 
Honigmann in 24 cases of tendon rupture follow- 
ing wrist injury found 18 occurred after radius 
fracture at the wrist, 1 after lunate fracture, and 
5 after sprain with no demonstrable bony injuries. 
In such instances two primary factors are present. 
Hauck suggests that the wrist injury (fracture or 
sprain) leads to some displacement of the tendon, 
due to bony changes in its canal or ligamentous 
tears. But as Honigmann and Odermatt, as well 
as Hauck, have noted, displacement is not always 
present nor fracture demonstrated, and a primary 
injury to the tendon at the time that the trauma 
was received must be assumed. Dittrich suggests 
that the tendon is crushed over the angulation 
and that this sets up a chronic tendonitis. Falls 
on the outstretched palm with hand and thumb 
extended and with the muscles contracted lead to 
increase in the angulation of the extensor pollicis 
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Fig. 10. Tuberculous tenosynovitis of dorsum of right 
wrist. ‘Two pictures at left show condition of wrist before 
operation. (Scar from operations performed elsewhere.) 
Picture at right shows condition of the wrist after second 
operation; shows extension disability of thumb. 


longus tendon and crushing of this tendon against 
the dorsal carpal ligament. ‘Tearing and separa- 
tion of tendon fibers occur, as well as tears through 
the tendon sheath and interference with the blood 
supply. That some such factor must be present is 
further substantiated by the fact that often at 
operation no change in the bony groove is found, 
no radial or ridge fracture is present, and no dis- 
placement of the tendons demonstrated. The 
secondary factor is more important probably than 
the primary one, for despite the numerous wrist 
injuries, few tendon ruptures occur. ‘This factor 
(Wiegeldt) is the vascular supply of the tendon, 
no mesotenon being present over a considerable 
length of its course. After the age of 25 the vas- 
cular supply to the tendon is considerably dimin- 
ished. This factor is important when we consider 
that most cases occur after the age of twenty-five. 

Histologically the picture is that of an aseptic 
necrosis. The tendon fibers are swollen, the nuclei 
and fibers stain poorly, and considerable hyalini- 
zation is present. No inflammatory changes are 
noted. 

The rupture occurs at variable intervals follow- 
ing the original trauma. In the cases collected by 
Honigmann the limits were 12 days to 7 years, 
though 2 to 7 months seems to be the average 
time. Asarule the original trauma has been mod- 
erately severe so that immobilization has lasted 
for several weeks. The injury is about twice as 
frequent in males as in females and in 80 per cent 
of the cases affects the right hand (T'rommlersehne 
always affects the left extensor pollicis longus). 
There is rarely any functional disturbance be- 
tween the time of the original injury and the sepa- 
ration of the tendon except that incident to the 
original trauma, i.e., the individual has free and 
full use of the thumb up until the time of the rup- 
ture. The rupture always occurs at the same place, 





lig. 11. Same patient as in Figure 10. These photo 
graphs show the free function of the thumb 2 months after 
a graft was made to replace the destroyed segment of the 


extensor pollicis longus. The strong tendon is shown 
forming the ulnar boundary of the tabetiére. 


that is, at the distal end of the dorsal carpal liga- 
ment and the trauma leading to it is quite mini- 
mal; as a rule no excessive use of the thumb has 
preceded the condition, the individual going about 
his usual work. A very few instances have fol- 
lowed heavy lifting; these are exceptions. Sewing, 
picking apples, putting the hand in the trousers 
pocket, using a scissors, and other household oc- 
cupations appear in the reported histories. ‘There 
is sudden, usually painless, loss of function in the 
thumb. In a few instances a cracking sound pre- 
ceded the functional loss; in some moderately 
severe pain accompanied it and in one reported 
case a severe muscular cramp came on just before 
the loss of tendon function. Some swelling ap- 
pears afterward but this is often of very moderate 
degree. The functional loss is typical, and exami- 
nation of the hand should lead to recognition of 
the underlying cause for the deformity. The 
medial border of the anatomical snuff-box is gone 
due to the separation of the ends of the tendon. 
The distal phalanx of the thumb is flexed and can 
be extended only if the thumb is adducted and 
the metacarpal flexed into the palm at which time 
the abductor brevis and flexor pollicis brevis act- 
ing on the dorsal aponeurosis may cause some 
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Fig. 12, left. Rupture of flexor digitorum profundus tendon 
from its insertion in the distal phalanx of the right ring finger. 
Operative repair 6 months after the injury was only partially 
successful due to the great amount of peri-articular fibrosis follow 


ing associated dorsal dislocation. 


Fig. 13. Typical deformity of the left ring finger following 
rupture of the extensor tendon at its insertion into the distal 
phalanx. The finger is shown in complete flexion and extension. 


extension. The last phase of extension of the 
proximal phalanx and of the first metacarpal is 
also lost; abduction and adduction of the thumb 
are weakened. The thumb cannot be brought to 
the radial side of the index finger but is displaced 
somewhat volarward (Hauck). Rarely the two 
ends of the tendon may be felt over the meta- 
carpal and under the dorsal carpal ligament. 
Operative repair is the only treatment worth 
considering. Splinting in hyperextension has 
never lead to spontaneous repair. On opening the 
canal and sheath the tendon ends will be found 
frayed and brush-like, yellowish-white in color, 
and often quite soft. Except in very recent cases 
the great displacement cannot be overcome by 
pulling on the ends or extension of the wrist. 
This fact, together with the necrosis of the ends, 
makes end-to-end suture difficult or impossible. 
The tendon stumps are so changed here that they 
are not suitable for any plastic work. The tendon 
may be lengthened by one of the various opera- 
tions described for this procedure, and in this 
fashion suture may be possible. Suture of the 
distal end to a slip split from the extensor carpi 
radialis longus has long been practiced and has 
given some good results. In some instances suc- 
cess has been attained by suturing the two stumps 
to an adjacent tendon. After union of the stumps 
with the tendon has taken place the operative 
field is again exposed and the adherent stumps 
with their uniting section of normal tendon are 


separated longitudinally from the sound tendon 
Replacement of the tendon by silk, catgut, or pre- 
served tendon may also be tried. Silk seems to be 
best for this service. Autoplastic tendon grafts 
are, however, the most logical means of closing 
the gap between the two divided ends. This graft 
may be taken from the dorsum of the foot or from 
the palmaris longus, should be sutured into place 
after careful trimming of the ends of the injured 
tendons, and should be surrounded by its own 
paratenon (Fig. 9). It is probably not necessary to 
repair the dorsal ligament. Other types of auto- 
plastic grafts, fascial, arterial, venous, or the cutis 
strips as used by Rehn, present no advantage over 
tendon and lacking paratenon are probably not 
so good. 

Whatever the technique used to secure union, 
the thumb should be held out in complete ex- 
tension by means of plastic or aluminum splints 
for 2 or 3 weeks after which active and passive 
motion combined with physical therapy should 
be started. The functional results appear to be 
quite good. 


RUPTURE OF FLEXOR TENDONS 


Traumatic subcutaneous rupture of the normal 


flexor tendon is extremely rare; we have seen but 


two cases and only a few have been reported 
(Schlatter, Stapelmohr). It appears to follow a 
sudden extension of a tightly flexed finger, as in 
the case reported by Schlatter in which the pa- 
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lig. 14. Tuberculous tenosynovitis of right wrist. Destruction of flexor digitorum 


sublimis tendons to ring and little fingers. 


A and B show limits of function of hand 


before operation. C and D show the result two and one-half years later. 


tient was thrown froma horse while grasping tight- 
ly to the horn of the saddle. The deep flexor of 
the left little finger ruptured over the middle pha- 
lanx. ‘The terminal phalanx could not be flexed. 
On operation the proximal end of the tendon was 
found curled up in the tendon sheath at the base 
of the finger. In Lessing’s case the patient fell on 
the outstretched hand rupturing the flexor pro- 
fundus tendon of the ring finger. Though as a 
rule the rupture occurs on the finger the tear may 
occur anywhere along the course; in Thorn’s case 
the rupture was found in the wrist. 

The following two cases are worthy of report. 


M.G. (patient of Dr. Allen B. Kanavel), a young man of 
28, was struck on the tip of the fully extended right middle 
finger by a swiftly traveling baseball. The distal phalanx 
was dislocated dorsally and was reduced by the patient at 
the time with an audible snap. A splint was applied and 
left on for 6 days. On its removal the patient was unable to 
flex the terminal phalanx and there was no improvement 
following physical therapy. Six months later examination 
showed (Fig. 12) complete function in the proximal 
interphalangeal and metacarpophalangeal joints but in- 
ability to flex the distal interphalangeal joint. There was 
considerable diminution of passive flexion in the distal 
interphalangeal joint. The operation showed the profundus 
tendon completely torn loose from its insertion into the 
distal phalanx. There was marked peri-articular fibrosis. 
The sublimis tendon was bound down by adhesions to the 
proximal interphalangeal joint. The profundus tendon was 
released from adhesions and sutured with silk to the perios- 
teum over the distal phalanx and the finger splinted in 
flexion. The end-result (4% years later) is not entirely 
satisfactory due to the fibrosis about the joint resulting 
from the associated dislocation. 

The second patient presents a rather puzzling story. He 
had been operated upon twice before Dr. Sumner L. 


Koch saw him, and the original pathological picture was 
thus obscured. A healthy man of 40 years, 8 years previous 
to entrance suffered an injury to the right thumb while 
buckling an overshoe. Immediately after the injury he 
was unable to flex the distal phalanx of the thumb. He did 
nothing for this condition for several years, despite the 
disability. Four years ago he consulted a surgeon who 
operated upon the thumb and found the flexor pollicis 
longus tendon movable laterally over the base of the proxi- 
mal phalanx. The tendon was split and sutured to the base 
of the proximal phalanx. There was no improvement 
following this operation. Three years later he was operated 
upon again, and the surgeon told him that the tendon was 
broken in the region of the proximal phalanx. An end-to 
end suture of the tendon was performed and resulted in a 
20 degrees power of flexion of the distal phalanx. In 
July, 1928, he consulted Dr. Koch who found a dense scar 
over the ulnar and palmar surface of the thumb. Flexion 
of the distal phalanx of the thumb was possible for 15-20 
degrees, but there was obvious adherence to this scar. At 
operation the flexor pollicis longus tendon was found 
degenerated at its distal end for some 2.5 inches and 
markedly adherent to the proximal phalanx. It was not 
possible at this time to determine the original pathological 
process. The thick skin scar was excised and the degen- 
erated tendon replaced by a tendon graft taken from the 
dorsum of the foot and secured to the distal phalanx by 
passing it through a drill hole in the bone. Six months 
after operation the patient states that the thumb is 
reasonably strong and can be used in grasping, but that 
the tendon seems to be too short and interferes with 
extension, 


RESUME OF CASE HISTORIES OF PATIENTS 
WITH RUPTURE OF TENDONS 
Ruplure of Extensor Tendons on Distal Phalanx 
of the Fingers 
Case 1. J. L. (W-117636.) Female, aged 50 years. The 
injury occurred during the removal of stockings. The tips 
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of the actively extended fingers were caught in the seam 
at the top of the hose. The patient heard a snap and 
experienced a sharp pain in the right middle finger. On 
examination she found she could no longer extend the 
distal phalanx. At operation 2 weeks following the injury 
the extensor tendon was found to have ruptured across at 
the level of the joint. It was repaired with fine silk and the 
finger splinted in extension. In reply to an inquiry 1 year 
later the patient reported complete functional recovery 
(lig. 1). 

Case 2. F. D. (W-137424.) Male. The right middle 
finger was caught in a closing garage door in such a manner 
that both interphalangeal joints were sharply flexed. The 
typical deformity resulted immediately (Fig. 2). The 
finger was treated elsewhere on a splint in extension but on 
removal of the splint the deformity recurred at once. Opera- 
tive repair of the ruptured tendon was performed several 
weeks after the injury, and the man wore a metal splint for 
a number of weeks. Final result not known. 

Case 3. H. B. (W-140720.) Male, aged 45. While rub- 
bing a spot off the leather upholstery in his car the tip of 
the left index finger caught on a button or some other 
projection, the patient heard a snap, and noted that the 
linger tip was flexed. He had been unable since then to 
extend the distal phalanx of the finger. A month and 10 
days later he presented himself for treatment. The finger 
tip was flexed at about 120 degrees at rest and could be 
flexed to go degrees and extended back again to 120 degrees, 
i.c., there was motion through an arc of 30 degrees. On 
operation the extensor tendon was found to have torn 
loose from its attachment to the distal phalanx. The 
tendon had healed and pull upon it extended the distal 
phalanx. It was, however, too long to effect complete 
extension. Repair was done by making a step-cut incision 
through the tendon scar and overlapping the two stumps. 
The finger was then put up in hyperextension of the distal 
phalanx. Healing occured per primam. Two months later 
the terminal phalanx could be extended to 170 degrees. 
Motions were still slightly stiff but improvement was 
looked for. 

Case 4. H. R. B. (W-141453.) Male, aged 42. One 
month previously while taking an automobile tire from a 
high shelf he was struck on the tip of the left ring finger 
by the falling tire. There was no great pain associated 
with the accident, but the finger tip was flexed and could 
not be extended. It was brought back into position and a 
splint applied, but the deformity recurred as soon as the 
splint was removed. The typical deformity and degrees 
of movement of the finger are shown in Figure 13. At 
operation the tendon was found to have healed but in a 
lengthened state so that shortening was necessary. This 
was accomplished by dividing the tendon obliquely, 
overlapping the ends, and suturing them with silk. The 
finger was then placed in moderate hyperextension. Heal- 
ing per primam. 


Rupture of Extensor Tendons over the Proximal 
Inter phalangeal Joint 

Case 5. S. V. (W-121471.) Male,aged 16. Three years 
previous to entrance into hospital the patient was struck on 
the end of the actively extended left ring finger by a “swift” 
baseball. This produced a sharp flexion of the finger at 
the proximal interphalangeal joint. It was immediately 
straightened out and placed in a splint, which was left on 
for 6 days. On removal of the splint the deformity recurred, 
but movement was so painful that he would allow no one 
to straighten the finger for several weeks. The pain grad- 
ually disappeared but the flexion deformity persisted. 
Upon examination 3 years following the injury the proxi- 
mal interphalangea! joint of the left ring finger was found 


to be flexed to a right angle (Fig. 7). The joint could not be 
actively extended, but passive extension to an angle of 
120 degrees was possible. Roentgen-ray examination 
demonstrated an irregular shadow proximal to the joint 
which probably indicated a healed periosteal tear. At 
operation the tendon was found to be frayed over the 
joint and one slip displaced ulnarward. The displaced slip 
was brought to the midline where it was held by silk 
sutures. This procedure brought the joint into extension. 
The finger was then splinted in extension. We have 
received no answer to follow up letters. 


Rupture or Dislocation over Metacar po phalangeal Joint 


No examples. 
Rupture of Extensor Tendons at the Wrist 
(See cases of tuberculous tenosynovitis.) 
Rupture of the Flexor Tendons 


Case 6. M. G. (W-109562.) (Reported in text.) Male 
of 28 was struck on top of right middle finger with base- 
ball, causing backward dislocation of distal phalanx. Came 
to operation 4 months later at which time the flexor 
digitorum profundus was found to have ruptured from its 
insertion. It was sutured in place. 

Case 7. W. C. (W-139486.) Male, aged 40. (Reported 
in text.) Injury to right thumb occurred eight years 
previously while buckling an overshoe. Rupture of flexor 
pollicis longus. Several operations performed previous to 
the time patient was seen by Dr. Sumner L. Koch. Last 
operation July, 1928, at which time a graft was made re 
placing about 2.5 inches of the degenerated tendon. Six 
months after operation patient states that the thumb is 
reasonably strong and can be used in grasping, but that the 
tendon seems to be too short and interferes with extension. 


Rupture of Tendons Due to Tuberculous Infiltration 


In ten instances taken from a series of cases of 
tuberculous tenosynovitis of the hand rupture of 
tendons had taken place or was impending. 


Cask 1. S. K. (W-86002.) Female, aged 60 years. 
Tuberculous tenosynovitis of flexor tendon of the right 
hand. Gradual onset 1% years before operation with 
stiffness in the fingers, later swelling on anterior surface of 
left wrist and forearm. For some time she had been unable 
to fex the interphalangeal joints of the index finger. 
There was found extensive involvement of the radial and 
ulnar burs above the wrist, extending distally into the 
tendon sheaths of the thumb and little finger. The sheaths 
were distended with clear yellow fluid and a homogenous 
mass of granulation tissue, in places caseous. The flexor 
tendons of the index finger had separated at the level of 
the transverse carpal ligament, as if cut or broken, the 
severed ends still joined by a strand of fibrous tissue. 
After thorough removal of all tuberculous tissue the distal 
ends of the flexor tendons of the index finger were sutured 
to the corresponding tendon of the middle finger. The 
patient reported 8 years after the operation that function of 
the hand was excellent. 

CASE 2. R. S. (W-94649.) Male, aged 28 years. Process 
began on the right wrist 10 months ago as slight swelling 
and pain which had gradually increased in size and 
severity. The tuberculous process was found to involve 
the sheaths of the extensor pollicis longus and brevis, 
abductor pollicis longus, extensor digitorum communis, 
extensor carpi radialis longus and brevis, and the extensor 
digiti quinti proprius. The extensor pollicis brevis had been 
nearly separated by the process. The tuberculous tissue 
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was carefully dissected away and the ends of the extensor 
pollicis brevis were sutured. Eight years later the patient 
had excellent use of the hand and no evidence of return of 
the process. 

Case 3. M. S. (W-103348.) Female, aged 26 years. 
Tuberculous tenosynovitis of the right wrist and palm. 
The process began as a flexion deformity of the little 
finger some 10 years previous to operation. Later a swell- 
ing appeared on the wrist and palm associated with 
much pain which radiated up the forearm. Except for the 
flexion contracture of the ring and little fingers there was no 
motor disability. The tuberculous process was found to 
have involved the ulnar bursa and to have spread into the 
midpalmar space. The flexor tendons of the ring and little 
fingers were fragmented and shreaded and after removal of 
the tuberculous tissue it was necessary to suture them. No 
reply to ow nee 

Case 4. W. “ (W-112774.) ) Male, aged 50 years. 
Tuberculous oad vanilla of the flexor tendons of the left 
wrist. There was extensive involvement with marked 
infiltration and thickening. The flexor digitorum sublimis 
to the little finger had been completely divided by the 
process, while several other tendons especially the flexor 
pollicis longus were badly fragmented. All the tuberculous 
tissued was carefully dissected away and the distal stump 
of the divided tendon sutured to the corresponding tendon 
of the ring finger. The patient made an uneventful 
recovery, but died 2 months later from a cardiac attack. 

Case 5. P. M. (W-117167.) Female, aged 23 years. 
Massive tuberculous tenosynovitis of the right wrist 
(Fig. 14) which began with swelling of the little finger and 
wrist 10 years previously. There was considerable pain and 
numbness and the patient could not completely flex the 
fingers. At operation the sheaths of both radial and ulnar 
bursze were found to be markedly thickened and _infil- 
trated with grayish-red granulation tissue. The flexor 
digitorum sublimis tendons to the little and ring fingers 
were destroyed from a point just proximal to the wrist 
downward to the middle of the palm. The tuberculous 
tissue was removed, the sublimis tendon of the ring fin- 
ger sutured to that of the middle finger, and the sublimis of 
the little finger sutured to its profundus tendon. Healing 
occurred per primam. ‘Two and one-half years later the 
anatomical function was perfect (Fig. 14). 

Case 6. O. P. (W-122957.) Male, aged 31 years. Tuber- 
culous tenosynovitis of the dorsum of the left wrist. The 
process began 3 years previously following an injury and 
had been operated upon twice elsewhere without results. 
There was slight impairment of extension of the wrist and 
fingers. At operation there was found extensive involve- 
ment of all the sheaths on the dorsum of the wrist. There 
were no ruptured tendons, but all were remarkably small, 
some thread-like. The tuberculous tissue was all dissected 
away and the incision closed. Healing per primam. No 
reply to follow up letters. 

Case 7. G. K. (W-130029.) Tenosynovitis of the sheath 
of the flexor tendons of the index finger. Five —— 
previously the patient cut the finger with a piece of glass. 
The wound healed properly, but a month later began to 
cause pain, and swelling developed which has persisted. 
There was some slight impairment in flexion of the finger. 
At operation the sheath of the flexor tendons was found 
to be infiltrated by a mass of soft tuberculous granulation 
tissue. One slip of the flexor digitorum sublimis was 
infiltrated for a distance of an inch and this along with the 
other tuberculous tissue was removed. Healing took place 
by first intention and with physical therapy; full function 
returned. 

Case 8. B. M. (W-134939, 137599, P-708.) (Figs. 10 and 
11.) Tuberculous tenosynovitis of all tendons on the 
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dorsum of the right wrist. Two and one-half years previous 
to admittance to the hospital the patient sprained the 
wrist following which a walnut sized lump developed. 
Three operations had been performed previously for 
removal of this mass, but each time it had recurred. Upon 
examination there was found a tense irregular nodular 
swelling lying over the extensor tendons on the wrist. This 
was found to be tuberculous at operation and was cleanly 
dissected. The wound healed well and the man returned to 
work with free use of the hand. Four months later a 
recurrence about the extensor pollicis longus and brevis 
and abductor pollicis longus was excised, and at this time 
the tendon of the extensor pollicis longus was found to be 
slightly invaded. The tuberculous tissue was excised and 
the involved strip of extensor pollicis longus was excised. 
Healing was prompt but recurrence took place 12 to 14 
months later. At the third operation the extensor pollicis 
brevis was found to have been entirely destroyed and the 
extensor pollicis longus so involved that a large section 
had to be removed. This was replaced by a graft taken 
from the dorsum of the foot. The thumb was functioning 
perfectly 2 months after operation (Fig. 11). 

Case 9. W. Cr. (W-141304.) Male, aged 58 years. 
Tuberculous tenosynovitis of both wrists on flexor surface. 
The process began with pain and swelling in the left hand 
3 years ago and has slowly increased since the onset. He 
cannot fully extend the fingers, but there is no loss of 
movement. At operation on the right hand the deep flexors 
to the index and middle fingers were found to be invaded 
and partially destroyed, and the sublimis tendons to the 
same fingers were somewhat infiltrated. There was some 
involvement of the radiocarpal joint. After removal of 
the tuberculous tissue, the distal stumps of the profundus 
tendons to the index and middle fingers were sutured to the 
sublimis tendons of the same fingers. (The left hand was 
operated upon later but the tendons were not invaded.) 
Healing occurred per primam and excellent function resulted. 

CasE 10. R. W. (W-142434, 144308.) Female, aged 28 
years. Tuberculous tenosynovitis of right wrist. The 
condition began a year previously with intermittent pain 
and swelling of the wrist. Gradually the swelling reached 
the palm and volar surface of the thumb, since which time 
the swelling has not receded. There was considerable 
limitation of motion in the fingers and thumb, but no 
movement was lost except flexion of the interphalangeal 
joints of the fifth finger. At operation considerable 
involvement was found to be present. The radial bursa 
was invaded distally to the insertion of the flexor pollicis 
longus, the ulnar bursa well into the palm, but not into the 
little finger, and the sheath of the flexors of the index 
finger were found to be infiltrated. Both flexor tendons to 
the little finger had been destroyed in the wrist and their 
distal stumps were sutured to the adjacent tendons of the 
ring finger. The condition recurred above the wrist 5 
months later and a second operation was necessary. 
Function was returning in the fifth finger at that time. 





The writer is indebted to Dr. Allen B. Kanavel and Dr. 
Sumner L. Koch for permission to study and report the 
cases upon which this article is based. 


BIBLIOGRAPHY 


Apams, J. C. An unusual amputation. U. States Nav. M. 
Bull., 1929, xxvii, 379-380. 

Asuuurst, A, P. C. Rupture of tendon of extensor longus 
pollicis following a Colles’ fracture. Ann. Surg., 1923, 
Ixxviii, 398-400. 

BANGE, ROLAND. Sehnenausrisse an der Hand. Deutsche 
Ztschr. f. Chir., 1923, clxxxiii, 282-285. 








624 SURGERY, GYNECOLOGY AND OBSTETRICS 


Barnes, C. K. Spontaneous rupture of extensor pollicis 
longus. J. Am. M. Ass., 1926, Ixxxvii, 663. 

DitrricH, Rupotr. Die Spaetruptur der Sehne des 
I:xtensor pollicis longus, eine typische Verletzung. Beitr. 
z. klin. Chir., 1924, Cxxxli, 150-154. 

Durems, F. A. Handbuch der Militaerkrankheiten; 
aeussere (chirurgische) Krankheiten. Leipzig: FE. 
Besold, 1896-1900. 

DurBan, Kart. Subkutane Rupturen von Fingerstreck- 
sehne. Ein Kasuistisches Beitrag. Zentralbl. f. Chir., 
1926, lili, 2773-2774. 

Dykes, S$. N. Rupture of the extensor longus pollicis 
tendon. Brit. M. J., 1922, i, 387. 

Garpnek, F. G. Rupture of the extensor longus pollicis 
tendon reported by Dr. Dykes. Brit. M. J., 1922, i, 476. 

Guass, KE. Metallschiene zur Behandlung der Streck- 
sehnenverletzung des Fingerendgliedes. Zentralbl. f. 
Chir., 1927, liv, 3027-3028. 

Hauck, Gustav. Ueber die Rupture der Extensor-pollicis- 
longus-Sehne nach typischem Radiusbruch und ihre op- 
erative Behandlung. Arch. f. klin. Chir., 1923, cxxiv, 
81-91. 

Idem. Die Ruptur der Dorsalaponeurose am ersten Inter- 
phalangealgelenk, zugleich ein Beitrag zur Anatomie und 
Physiologie der Dorsalaponeurose. Arch. f. klin. Chir., 
1923, Cxxili, 197-232 

HONIGMANN, FRANz. Die traumatische Spaetruptur der 
Sehne des langen Daumenstreckers. Med. Klin., 1926, 
xxii, 728-731. 

Hunt, J. R. Paralysis of the ungual phalanx of the thumb 
from spontaneous rupture of the extensor pollicis longus, 
the so-called drummer’s palsy. J. Am. M. Ass., 1915, 
Ixiv, 1138-1140. 

KANAVEL, ALLEN B. Tuberculous tenosynovitis of the hand; 
a report of fourteen cases of tuberculous tenosynovitis. 
Surg., Gynec. & Obst., 1923, xxxvii, 035-047. 


Levy, W. Ueber die Sehnenluxation der Fingerstrecker. 
Zentralbl. f. Chir., 1921, xlviii, 482-486. 

Lewry, Purtip. A simple splint for baseball finger. J. Am. 
M. Ass., 1925, Ixxxv, 1059. 

Macravisu, A. S. Rupture of the extensor longus pollicis 
tendon. Brit. M. J., 1922, i, 476. 

MeNscH. Spaetruptur der Sehne des Extensor pollicis 
longus. Muenchen. med. Wchnschr., 1925, Ixxii, 836. 

OperMAtTT, W. Spontaner Spaetsehnenriss des langen 
Daumenstreckers, eine typische Kombinationsverletzung 
mit Radiusbruch oder Lunatum luxation oder Distorsion 
des Handgelenks. Schweiz. med. Wchnschr., 1923, liii. 

Purovac, D. Operativ geheilte Ruptur der Sehne des M. 
extensor pollicis longus. Wien. med. Wchnschr., 1919, 
Ixix, 797. 

Idem. Ueber die traumatische Ruptur der Sehne des 
langen Daumenstreckers und ihre Therapie. Wien. 
klin. Wehnschr., 1919, xxxii, 557-559. 

SCHLATTER, C. Subkutane Sehnenzerreissungen an den 
Fingern. Deutsche Ztschr. f. Chir., 1907-8, xci, 317-334. 

Scupper, C. L., and Pau, W. E. Rupture of the tendon of 
the extensor longus pollicis; tendon transplantation. 
Boston M. & S. J., 1903, cxlix, 653. 

SonntaG, FE. Zur Behandlung der subkutanen Finger- 
strecksehnenruptur am Endglied. Muenchen. med. 
Wehnschr., 1922, Ixix, 1333-1334. 

Idem. Zur Fingerstrecksehnenruptur am Endglied. Zen- 
tralbl. f. Chir., 1928, lv, 410. 

STAPELMOHR, S. VON. Beitrag zur Kenntnis der subkutanen 
Sehnenrupturen und Deckung von Sehnendefekten durch 
freie Sehnen transplantation. Acta chirurg. Scand., 
1921—22, liv, 177-209. 

WEIGELDT, WALTHER. Uber die Spontanrupturen der 
Fingersehnen. Beitr. z. klin. Chir., 1914, xciv, 310-338. 

WurTHENAU, VON. Beitrag zur Trommleraehmung. 
Deutsche med. aerztl. Ztschr., 1889, xxvii, 554. 





AN OPERATION 


FOR TUBERCULOSIS OF THE EPIDIDYMIS 


ARTHUR B. CECIL, B.A., M.D., F.A.C.S., Los ANGELES 


From the Hospital of the Good Samaritan and the Good Hope Hospital Clinic 


»SPIDIDYMECTOMY for tuberculosis of 
the epididymis has not been an entirely 
satisfactory procedure. It has been found 

particularly unsatisfactory when done in the 
presence of sinuses. The operation as usually 
performed has in a great many instances been 
followed by breaking down of the wound, by 
sinus formation, and not uncommonly by loss of 
the testicle. These unsatisfactory results have led 
to illogical conclusions as to the proper method 
of dealing with this disease. Basing one’s judg- 
ment upon the poor outcome from surgical treat- 
ment, it has been recommended that tuberculosis 
of the epididymis be let entirely alone. It has been 
recommended that treatment be limited to the 
opening of abscesses when they occur, irrespective 
of the fact that this leaves a persistent draining 


sinus. In extreme cases, as a result of this indeci- 
sive method of treatment, it has not uncommonly 
been necessary to do a complete castration. Now, 
it is evident that a man is better off without 
tuberculosis of the epididymis than he is with it, 
but he may be better off with it than to have his 
condition made worse by surgery. 

The technique which I wish to describe has for 
its object the clean removal of the epididymis 
and sinuses and the securing of primary healing. 

The stages of this technique are as follows: Any 
tuberculous sinuses are painted with pure carbolic 
acid, after the scrotum has been cleaned up. Next 
the scrotum is seized as shown in Figure 1, and 
gentle pressure is made above the testicle. An 
elliptical incision is then made through the skin 
around the sinus. Now, while the pressure above 
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Fig. 1. Scrotum grasped from 
above. Elliptical cut about the tuber- 
culous sinus, subcutaneous _ tissue 
being divided by light concentric cuts. 

Fig. 2. Testicle entirely removed 
from scrotum. Scrotum covered by 
gauze. Tunica vaginalis opened. 
Separation of midportion of epididy- 
mis. 

lig. 3. Globus major being sepa- 
rated from testicle by sharp dissection. 

Fig. 4. Separation of globus minor. 

lig. 5. Epididymis entirely sepa- 
rated from testicle. 

j- lig. 6. Testicle and epididymis 
| both wrapped in gauze. Clamp pushed 
y up along the vas. Incision over tip of 
W, clamp. 

ut Fig. 7. Clamp passed down through 
it small incision in groin. Vas divided 
ie and carbolized. Epididymis removed. 
or 

is 

Z. 

hy 

lic 

xt 

nd 

\n 

in 

ve 














626 SURGERY, GYNECOLOGY 





‘ “e 


Fig. 8. Vas pushed up through incision in groin. Clamp 
and vas wrapped in gauze and strapped to abdomen. Vas 
sutured to stab wound. 


the testicle is still maintained.with the hand, 
very light elliptical cuts are made concentrically, 
dividing bands of tissue directly down to the 
tunica vaginalis. These concentric cuts are kept 
close around the elliptical skin incision. It will 
be seen that if the cuts are kept close to the cen- 
tral portion of skin, a thick scrotal wall will be 
maintained; also the opening of any abscesses 
may be avoided, as these can be seen, and the 
tissues can then be cut lightly further out. As 
the cuts are made, the testicle and epididymis 
begin to extrude from the scrotum; at the same 
time one can easily see and ligate every bleeding 
point. This is important to insure a dry scrotal 
bed to which to return the testicle. 

In this manner the testicle is extruded through 
the wound, rather than delivered as is done when 
a so-called high incision is made, and trauma is 
avoided. The scrotum, which has not been in 
any way contaminated, is immediately wrapped 
with salt packs, covered with a towel, and kept 
absolutely surgically clean. Packs under the 
testicle complete the preparations for epididy- 
mectomy are complete. The tunica vaginalis is 
opened and the epididymis is separated from the 
testicle (Figs. 3 and 4). The epididymis and tes- 
ticle are both wrapped in warm salt packs and set 
aside (Fig. 5). A clamp is pushed up along the vas 


AND OBSTETRICS 





Heh, » bale 4; 


a 


Fig. 9. Closure of scrotum by through and through 
dermal suture without drainage. 


until it corresponds with the external ring (Fig. 
6). A small nick is made over the tip of this clamp 
and another clamp is pushed down along the same 
path (Fig. 7). This clamp is used for clamping off 
the vas (Fig. 7). The vas is cut between two 
clamps, thoroughly carbolized. The clamp and vas 
are then drawn upward to bring the vas out in the 
groin, but at no time is the clamp removed from 
the vas, nor is the vas ligated, as all such attempts 
are likely to infect the wound. 

A single stitch is passed through the nick (Fig. 
8). This stitch passes through the outmost cover- 
ing of the vas. The clamp, with the vas still 
fastened in it, is wrapped in gauze and strapped 
to the abdomen (Fig. 8). The scrotum is pulled 
down over the testicle and closed by interrupted 
dermal sutures. The wound is covered with col- 
lodion. The scrotum is supported with a binder. 

In about 7 or 8 days the vas comes away at 
the level of the skin, much as the umbilical cord 
shrivels and dies. In some instances the vas has 
seemed to keep up its blood supply and in these 
cases a ligature of catgut has been lightly tied 
around the vas, at the skin level, thereby causing 
it to slough away. 

”" ADVANTAGES 

The advantages of this operation over the so- 
called high incision procedure are: 

1. At no time is the scrotal bed soiled; 

2. Extrusion of the testicle through the scro- 
tum, with the sinus formation attached, avoids 
multiple incisions; 

3. Trauma is avoided; 

4. The entire thickness of the scrotum is 
preserved ; 

5. Bleeding points can be seen and taken up as 
concentric cuts are made; 

6. The vas is not allowed to soil the wound; 

~. The wound heals per primam in a large 


majority of instances. 
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THE REFLUX OF PANCREATIC 


AND DUODENAL SECRETIONS 


THROUGH A DRAINAGE TUBE IN THE COMMON BILE DUCT! 


WALTMAN WALTERS, M.D., I 


“.A.C.S., ROCHESTER, MINNESOTA 


Division of Surgery, The Mayo Clinic 
AND 
JAMES M. MARSHALL, M.D., Rocuester, MINNESOTA 


Fellow in Surgery, The Mayo Foundation 


NHE reflux of pancreatic and duodenal se- 
cretions through a drainage tube in the com- 
mon bile duct is a somewhat rare and dis- 

tressing postoperative complication of operation 
on the biliary tract. Scant mention of such oc- 
currence is found in the literature and difficulty 
is encountered in finding the cases because they 
have not been reported under titles that might 
give clues to their identity. That such cases do 
occur, however, seems beyond question. Codman 
(1908) reported a case in which, following opera- 
tion for stone in the common bile duct, with 
perforation and abscess, there was profuse drain- 
age of sour-smelling bile stained fluid both through 
and around the rubber tube in the duct. The skin 
and tissues in contact with the draining fluid were 
digested, and the patient’s general condition de- 
clined rapidly. Codman recognized the complica- 
tion and reoperated, closing the hole in the com- 
mon bile duct. The patient recovered. Davis 
described two cases in which there was undoubt- 
edly drainage of pancreatic and duodenal se- 
cretions from a tube in the common bile duct. 
Judd observed several such cases before the T- 
tube came into use but none since. During the 
last 2 years we have observed this phenomenon in 
4 cases. They are reported herewith: 


Case 1. The patient, a Sioux Indian, aged 48 years, 
came to the clinic October 17, 1927, complaining of re 
curring attacks of epigastric colic with jaundice. Twelve 
months and 9 months previous to admission he had had 
severe right upper abdominal colic-like pains and had 
vomited; morphine was required for relief. Mach attack 
was followed by jaundice for a few days. During the few 
months prior to examination he had much upper epigastric 
discomfort and soreness with considerable gaseous indi- 
gestion but no colic. He had known he had diabetes 
mellitus and he had been on dietary treatment. 

The serum bilirubin was 5.2 milligrams for each 100 
cubic centimeters, and the Van den Bergh reaction was 
direct. There was considerable tenderness under the right 
costal margin. The blood sugar was normal, and the urine 
was free from sugar. All other laboratory tests were nega- 
tive. 

At operation, November 1, the right upper quadrant of 
the abdomen was a mass of cedematous indistinguishable 
structures. There was a large stone about 2.5 centimeters 
in diameter which could be felt in the common bile duct. 
This was removed by opening the common bile duct di- 
rectly over the stone. The stone was crumbly, of the type 


usually found in the common bile duct, and was necessarily 
removed in fragments. After removal of the stone, the 
duct was thoroughly washed out with a solution of sodium 
chloride. The diameter of the duct was about 2 centi- 
meters and the finger could be easily passed up to the he 
patic duct and down to the sphincter of Oddi, which could 
be felt to be dilated abnormally. A No. 20 catheter was 
sutured into the duct with its end up in the hepatic duct. 
Further exploring was not done on account of the inflam- 
matory condition of the area. The gall bladder was not 
seen; it was probably buried in the mass of oedematous 
tissue. Three Penrose drains were left in the wound. 

Drainage through the tubes was profuse. On the third 
day the drainage reached 1,670 cubic centimeters and on 
the fourth day 3,860 cubic centimeters. The fluid was thin 
and had a rancid odor, and the wound became red and in- 
flamed. The patient appeared very ill. There was some 
leakage around the tube and the margins of the wound 
began to slough. The profuse drainage continued to be 
between 1,000 and 2,300 cubic centimeters daily until the 
tenth day, when the tube was removed. After this there 
was drainage from the sinus for 48 hours; then it gradually 
stopped and the stools were of normal color. ‘Tests were not 
made for the presence of enzymes. Fluids were given feeely 
by mouth and subcutaneously, and glucose 10 per cent and 
sodium chloride 1 per cent was given intravenously. A 
constant suction apparatus was used in the sloughing 
wound to keep it dry. After the drainage stopped the 
patient’s general condition improved rapidly. The wound 
healed slowly but was completely healed on the twenty- 
ninth day after operation. The patient left the hospital 
on the thirtieth day, free from jaundice and in good 
condition, 

Case 2. A woman, aged 62 years, came to the clinic 
November 20, 1928, complaining of recurring chills and 
fever, pain in the upper part of the abdomen, and jaundice. 
Cholecystectomy had been performed elsewhere 10 months 
previously. It was reported that the gall bladder was full 
of “mud bile” but it did not contain stones. Recovery 
from the operation had been uneventful. In August, 1928, 
pain had appeared in the upper part of the abdomen with 
chills and fever up to 1o2 degrees I’. Recovery, without 
jaundice, took place in 1 week. October 25 there was a 
recurrence of the chills and fever, with marked weakness 
and jaundice. These symptoms persisted until admission 
to the clinic November 20. 

The patient was emaciated and deeply jaundiced. The 
serum bilirubin was 18 milligrams for each too cubic 
centimeters, and the Van den Bergh reaction was direct. 
The coagulation time was 17 minutes. The hemoglobin 
was 60 per cent; erythrocytes numbered 3,170,000 and 
leucocytes 6,000. She was kept under observation in the 
hospital for several days. The serum bilirubin and co- 
agulation time remained high and repeated duodenal 
drainage was negative for bile. Five cubic centimeters of 
10 per cent calcium chloride was given intravenously for 
3 days and 500 cubic centimeters of citrated blood was 
given on the day of operation. 


1Submitted for publication August 29, 1929. 
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At operation, December 11, the common bile duct was 
found to be dilated to a diameter of approximately 2 
centimeters. It was opened, with the drainage of about 
250 cubic centimeters of greenish bile. Scoops were intro- 
duced into the lower part of the duct and appeared to 
enter the duodenum through the ampulla. It was not 
possible to trace the duct upward to the liver. In view of 
the extreme jaundice and the patient’s poor general con- 
dition, it seemed advisable to attempt only drainage of 
the duct. Stricture in the upper portion of the duct seemed 
the most likely cause for the obstruction, but the accumu- 
lation of a large amount of bile in the lower part of the duct 
made it seem probable that the upper part of the duct was 
patent. A Mayo-Robson hepaticus drain was inserted in 
the common bile duct, pointing downward toward the 
duodenum, and the opening of the duct was stitched 
around it. There is a possibility that a stone was pushed 
into the duodenum. The abdomen was closed and two 
Penrose drains were left in the wound. 

During the first few days there was an increasing amount 
of drainage ot thin, flocculent, bile colored, sour-smelling 
liquid, reaching 1,470 cubic centimeters on the sixth day. 
Methylene blue given by mouth came through the tube 
copiously. Analysis of the fluid showed the presence of 
considerable starch splitting enzyme. There was no leak- 
age around the tube and the wound and skin were not 
irritated. Fluids were given liberally by mouth and intra- 
venously in the form of physiological sodium chloride 
solution, and the chemistry of the blood was kept within 
normal limits. By the tenth day, the drainage began to 
diminish and there was bile in the stools. The Mayo- 
Robson tube was removed on the eighteenth day; the color 
of the stools was normal. The patient left the hospital on 
the twenty-ninth day in good general condition and with 
the wound healed. In a recent letter, she reported that 
she has remained in good health. 

Case 3. A woman, aged 62 years, came to the clinic 
April 25, 1929, complaining of recurring attacks of colic 
in the right upper part of the abdomen, of 3% years’ dura- 
tion. Cholecystectomy had been done elsewhere in De- 
cember, 1927, and stones were found in the gall bladder. 
The colic continued after operation, even more severe than 
before. Jaundice had not been present. 

Examination disclosed mild general arteriosclerosis; 
the systolic blood pressure was 180 and the diastolic was 
88. ‘Tenderness was elicited in the right upper quadrant 
of the abdomen in the region of the old operative scar. 
Examinations of the urine and blood, including the Was- 
sermann reaction on the blood, were negative. The serum 
bilirubin was 1.2 milligrams for each 100 cubic centimeters, 
and the Van den Bergh reaction was indirect. The blood 
urea was 28 milligrams for each 100 cubic centimeters. 
Roentgenograms of the chest, stomach, kidneys, ureters, 
and the urinary bladder were negative. Gastric analysis 
showed a total acidity of 60 and free hydrochloric acid of 40. 

At operation, April 30, 1929, a pouch about 1 centi- 
meter in diameter was found in the stump of the cystic 
duct. The pouch was filled with small stones about 1 
millimeter in diameter. The common bile duct was slightly 
enlarged. It was opened and explored with the finger tip 
down to the ampulla, and stones were not encountered. 
The pouched stump of the cystic duct was dissected free 
and was removed. A medium sized T-tube was sutured 
in place in the common bile duct. Examination of the 
duodenum, right kidney, and pelvis was negative. 

On the fourth postoperative day, large amounts of foul- 
smelling bile drained through the T-tube, 1,725 cubic 
centimeters in 24 hours, and on the succeeding day 1,200 
cubic centimeters. There was some leakage around the 
tube and the skin and margins of the wound became red 


and irritated. Laboratory examination of this draining 
fluid showed the presence of considerable starch splitting 
enzyme. Methylene blue given by mouth appeared in the 
drainage material within a few minutes. Believing that 
we were dealing with a reflux of pancreatic and duodenal 
secretions, we began clamping the tube in an attempt to 
force the bile down into the duodenum and establish the 
normal direction of flow. Fluids were given freely by 
mouth and intravenously in the form of physiological 
sodium chloride solution, and the chemistry of the blood 
stayed within normal limits. Bile appeared in the stools. 
The T-tube was removed on the thirteenth day. There was 
profuse drainage from the fistula for 24 hours and then the 
fistula closed rapidly; it was completely closed on the 
seventeenth day. Dry radiant heat was applied to the 
wound and a soothing application was applied to the irri- 
tated skin. By the seventeenth day all signs of irritation 
had disappeared, and the patient left the hospital on the 
eighteenth day in good general condition, 

Case 4. A man, aged 58 years, came to the clinic May 
30, 1929, complaining of recurring attacks of severe pain 
in the upper part of the abdomen. Twenty-two years 
before he had had a severe attack of colic, followed by 
jaundice. The colic recurred at infrequent intervals until 
operation was performed elsewhere in April, 1928. Chole- 
cystostomy was done and stones were removed from the 
gall bladder. The wound drained for 3% weeks and then 
closed. He was then well until 6 weeks before admission 
when he had a severe typical attack of gall-stone colic, 
and one week later ke noticed dark urine and clay colored 
stools. During the 3 weeks prior to admission he had had 
3 attacks of upper abdominal pain with chills and fever, 
the last one with jaundice 10 days before admission. 
Otherwise, he had a rather typical history of peptic ulcer 
dating back 8 or 10 years, with pain coming on 2 to 3 hours 
after meals and relieved by taking food or alkaline powder. 

The patient was somewhat emaciated, and 23 pounds 
under his usual weight. He was faintly jaundiced; the 
serum bilirubin was 4.3 milligrams for each 100 cubic 
centimeters, and the Van den Bergh reaction was direct. 
Tenderness was elicited in the right upper part of the ab- 
domen. The blood urea was 34 milligrams for each 100 
cubic centimeters. Roentgenograms of the stomach and 
duodenum showed duodenal ulcer. All other laboratory 
examinations were negative. 

At operation, June 6, the gall bladder was found to be 
somewhat distended but did not contain stones. The com- 
mon bile duct was opened and was explored with a scoop 
but stones were not found. The scoop passed readily 
through the ampulla into the duodenum. There was a 
large subacute duodenal ulcer on the anterior surface of 
the duodenum. The patient’s general condition was not 
good, so a rubber catheter was stitched into the jejunum 
after the method of Witzel instead of gastro-enterostomy. 
This was brought out through a stab wound in the left 
rectus abdominis muscle. A Mayo-Robson hepaticus 
drain was left in the common bile duct and a dressed tube 
was left in the gall bladder. 

During the first 3 days after operation, there was pro- 
fuse drainage of a rancid, sour-smelling, thin, flocculent 
bile colored fluid, 1,175, 1,530,and 1,425 cubic centimeters 
respectively. Methylene blue given by mouth appeared 
copiously in the drainage material. Examination of the 
material showed the presence of a large amount of starch 
splitting enzyme. On the third day the blood urea was 67 
and on the fourth day 74 milligrams for each 100 cubic 
centimeters, and the patient appeared extremely ill. The 
margins of the wound were reddened and irritated from 
contact with the drainage material. On the fourth day the 
end of the Mayo-Robson drain was connected directly 
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WALTERS, MARSHALL: REFLUX PANCREATIC AND DUODENAL SECRETIONS 


with the jejunostomy tube so that the fluid draining from 
the common bile duct was poured directly back into the 
jejunum. The patient was given fluids in abundance, in- 
cluding physiological sodium chloride solution intra- 
venously, 2,000 cubic centimeters daily. He seemed to 
improve but on the seventh day bronchopneumonia de- 
veloped and he died on the eleventh day. 

At necropsy the Mayo-Robson tube was found in place 
in the common bile duct. There was slight necrosis of 
tissue around the tube as it coursed over the duodenum. 
The common bile duct was 12 millimeters in diameter and 
there was a stone 6 by 8 millimeters impacted in the am- 
pulla. The pancreatic duct entered the common bile duct 
1 centimeter above the sphincter of Oddi, and therefore 
proximal to the impacted stone. Other stones were not 
found in the ducts or gall bladder. A large subacute ulcer 
on the anterior surface of the duodenum and two smaller 
ulcers on the posterior wall were found. The lungs showed 
extensive bilateral bronchopneumonia. 


SUMMARY AND COMMENTS 

Certain features were common to all of the 
cases. There was a copious amount of drainage 
material, in each case amounting to more than 
1,500 cubic centimeters in 24 hours. The draining 
fluid was thin, flocculent, and had a sour, rancid 
odor. Methylene blue given by mouth appeared 
promptly in the drainage material. Pancreatic 
enzymes were found in the drainage material in 
two of the cases (Cases 2 and 4). In one case 
(Case 3), in which there was leakage around the 
tube, there was considerable irritation and actual 
digestion of the skin and tissues around the 
wound such as is typical in pancreatic and duo- 
denal fistula. All of the patients appeared to be 
more seriously ill than is usual in disorders of the 
common bile duct. In Case 2, the reflux stopped 
after 4 or 5 days, and the patient recovered un- 
eventfully. In Case 3 it was possible to force the 
bile down through the duct by clamping the T- 
tube; gradually the reflux was overcome and re- 
covery ensued. In Case 4, when it was found 
that reflux was present, the Mayo-Robson tube 
was connected to the jejunostomy tube by means 
of a glass tube connector. Thus the bile and duo- 
denal secretions that were draining from the tube 
in the common bile duct were poured directly 
back into the jejunum. This seemed to be an 
ideal arrangement under the circumstances. The 
patient began to improve but pneumonia set in 
and he died on the eleventh day from bilateral 
bronchopneumonia. In Case 1 the profuse drain- 
age stopped soon after the drainage tube was re- 
moved, and recovery followed. 

The reason why there should be a reflux is not 
clear. Higgins and Mann, working on healthy 
guinea pigs, saw portions of test meals injected 
into the duodenum pass directly into the common 
bile duct. McArthur reported that reflux of 
barium from the duodenum coated a stone in the 
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common bile duct. Certainly in most cases of 
obstruction of the common bile duct such phe- 
nomena do not occur. Codman suggested that 
pressure of the root of the mesentery on the trans- 
verse portion of the duodenum causing back- 
pressure was an etiological factor in his case. 
Abdominal distention with partial or complete 
ileus might be a contributing factor, especially 
when it occurs in cases in which the atonic duct 
and sphincter of Oddi are dilated. In all of the 
cases, dilatation of the common bile duct was 
marked, and a sphincter was present through 
which a large-sized scoop could be readily passed 
into the duodenum. This undoubtedly is a factor 
which tends to facilitate reflux but the presence 
of an additional factor seems necessary because 
of the many cases of dilated ducts in which such 
a phenomenon does not take place. It is possible 
that in cases in which the pancreatic duct empties 
into the common bile duct well up in the ampulla 
that a spasm below the opening or a stone im- 
pacted in the tip of the ampulla causes reflux of 
pancreatic secretion up the common bile duct and 
out of the drainage tube. Such a stone was found 
in Case 4 of the series. 

The abnormal physiological changes in these 
cases are essentially the same as those in external 
duodenal fistula. Walters and Bollman em- 
phasized the significance of the loss of fluids and 
chlorides in such cases and found that complete 
loss of pancreatic fluid is incompatible with life 
for more than a short period. 

The early diagnosis of the complication is im- 
portant. Drainage of more than 1,000 cubic centi- 
meters of bile in 24 hours, if it persists, should 
arouse suspicion. If pancreatic and duodenal se- 
cretions are present, the drainage material is thin, 
often flocculent, and has a sour, rancid odor. If 
it comes in contact with the skin or tissues in the 
wound, there is hyperemia and later actual di- 
gestion of tissue. Methylene blue given by mouth 
should appear in considerable amounts in the 
drainage material a few minutes after its inges- 
tion. Finally, laboratory examination of the 
fluid will reveal the presence of digestive enzymes. 

The treatment of such cases should be directed 
toward the prevention of the loss of these secre- 
tions and to combat the effect of the loss. It is 
essentially the same as for external duodenal 
fistula. Effort should be made to re-establish flow 
in the normal direction. Fluids should be given 
in abundance orally, subcutaneously, and intra- 
venously to keep the chemistry of the blood within 
normal limits and to restore fluid and chemical 
loss. If, under conservative and supportive treat- 
ment, the condition does not promptly correct 
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itself, jejunostomy may be done. The draining 
fluid can then be injected into the jejunum with a 
syringe or by directly connecting the drainage 
tube of the common bile duct with the jejunostomy 
tube, as was done in Case 4. Einhorn successfully 
treated duodenal fistula by passing a tube by 
mouth into the proximal portion of the jejunum 
and feeding through the tube. 
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PORTION OF THE (ESOPHAGUS 


CARL EGGERS, M.D., F.A.C.S., New York 


N spite of the stimulus given oesophageal 

surgery by the successful removal of carcinoma 

of the thoracic portion of the oesophagus in a 

few cases, and in spite of the numerous and ingen- 

ious methods proposed, progress in this difficult 
field of surgery continues to be slow. 

Sixteen years have passed since Torek reported 
his first successful case of resection of the thoracic 
portion of the cesophagus for carcinoma. Hopes 
were raised at that time that one successful case 
would rapidly be followed by others. Unfortu- 
nately this has not proved true. In analyzing the 
reasons for this, it is at once apparent that no 
progress can be made until patients in better 
general condition and with the local lesion less 
advanced than is usually the case are referred to 
the surgeons. 

The disease is insidious in its onset and the 
flexible oesophagus is able to accommodate itself to 
the expansion of a new growth until actual 
obstruction occurs. At the time medical aid is 
sought it is often beyond the operable stage. The 
patients themselves are usually in poor general 
condition, they frequently have emphysema, my- 
ocarditis, arteriosclerosis, or nephritis and are 
poor operative risks even if the local lesion is 
amenable to treatment. 

In the report of my first successful case of 
cesophagus resection in 1925, I mentioned the 
difficulties connected with oesophageal surgery 
and called attention to the various methods 
employed to overcome them. It was pointed out 
that even in a so-called favorable case the opera- 
tion is a formidable one. It is no wonder that 


surgeons hesitate to operate and that medical 
men are averse to referring their patients for a 
radical operation. 

All important surgical procedures have taken 
time to develop, and not until a so-called standard 
method has been employed in a large series of 
cases has it been possible to reduce materially the 
mortality. It is so with oesophageal surgery. It 
appears necessary to establish the operation of 
resection of the oesophagus on a firm basis in 
order to gain the confidence of the medical pro- 
fession as well as the public. For this reason every 
case should be reported, hence I present my 
second successful resection in detail. 


Mrs. A. L., aged 55 years, came under my care January 
23, 1929, with an established diagnosis of obstruction of 
the oesophagus for the relief of which a gastrostomy had 
been done at another hospital in November, 1928. 

She stated that the first symptoms were noted about 7 
months before, when in June, 1928, she experienced difli- 
culty in swallowing. [ood seemed to stick opposite the 
lower end of the sternum, After taking some water it would 
be washed down. About the same time she began to have 
a little sticking pain under the sternum at intervals. It was 
never severe and sometimes disappeared entirely. She 
paid no attention to the symptoms and did not inform her 
family of her condition until 5 months after the onset. A 
careful medical examination made at that time was followed 
by an X-ray examination, which disclosed an oesophageal 
obstruction. (Fig. 1). 

Of late the patient had complained a great deal of burn- 
ing pain under the sternum, occasional pain in the back, and 
loss of weight and strength, There was nothing in the past 
history which had any bearing on her present complaint. 
[xcept for nervousness and a disposition to worry she had 
been quite well. 

The physical examination showed no evidence of organic 
disease. She was thin and looked as if she had lost weight. 
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Her weight was 1284 pounds, whereas her normal weight 
would have been 152 pounds. She was cheerful and rather 
anxious to undergo an operation for the relief of her symp- 
toms. The gastrostomy functioned well and since its 
establishment she had been able to take fluids by mouth 
in moderation, ‘There was considerable pain during 
deglutition. 

A clinical diagnosis of carcinoma had been made, the 
family of the patient had been thoroughly familiarized with 
the prognosis if the condition were left untreated, and they 
had also been informed of the dangers of surgical inter- 
ference. They desired operation if there were any prospect 
of removing the growth. The patient’s general condition 
was quite satisfactory, her heart action was good, the lungs 
were clear, and she had no kidney disease. ‘The entire ques- 
tion hinged on operability of the lesion. There were no 
metastases to be felt, and the X-ray examination of the 
chest showed no abnormal shadows. For the purpose of 
doing a biopsy to establish the diagnosis definitely and to 
help determine operability, the patient was admitted to the 
Lenox Hill Hospital. An cesophagoscopy and biopsy were 
done by Dr. John D, Kernan who reported an ulcerating 
lesion beginning at about the level of the arch of the aorta. 
He felt that the tumor was operable. The pathological re- 
port by Dr. Frederick D. Bullock showed squamous cell 
epithelioma deeply infiltrating the muscular wall. 

In spite of a carefully supervised diet the patient con- 
tinued to lose weight. Nevertheless we considered her 
rather a better risk than the usual patient with cesophageal 
carcinoma and operation was decided on. 

Operation was performed February 6, 1929, under gas 
oxygen-ether anwsthesia administered by Dr. Charles 
Sanford, using the Gwathmey apparatus. The patient 
was placed on her right side and an incision was made 
along the left seventh intercostal space for almost its entire 
length and was then carried upward posteriorly behind the 
angle of the ribs over the seventh, sixth, and fifth ribs. The 
ribs were divided, the intercostal vessels ligated, and the 
thorax opened. A rib spreader was inserted and good 
exposure obtained. The lung was not adherent and was 
soft. It was allowed to collapse partly in order to explore 
the mediastinal region. One small hard nodule suggestive 
of a metastasis was felt in the hilus of the lung. An incision 
was made through the parietal pleura along the inner 
margin of the aorta and the mediastinum was entered. The 
cesophagus was exposed below and freed from its bed. By 
means of a tape it was drawn upward. The plexus of vagus 
fibers which enveloped it was pushed aside and the branches 
were saved as much as possible. 

The dissection of the cesophagus was continued upward 
and a hard nodular tumor was encountered just below the 
arch of the aorta and extending upward behind it. With 
great care, partly by blunt, partly by sharp, dissection, the 
tumor mass was gradually mobilized. A large nodule pro- 
jected toward the right side and involved the right pleura. 
After a portion of this parietal pleura had been sacrificed, 
the tumor could be completely mobilized. Moist gauze 
packs were inserted into the mediastinum under the 
cesophagus and the latter was then doubly ligated with 
heavy silk well below the tumor and divided between the 
ligatures with a cautery. The lower stump was inverted by 
a silk pursestring suture into the stomach and two separate 
silk sutures were placed over the pursestring to reinforce it. 

The parietal pleura above the arch of the aorta was now 
split, the oesophagus was isolated there, and after it had 
been freed downward to the tumor mass it could be 
drawn upward from behind the arch. It was temporarily 
wrapped in moist gauze. Attention was now given to the 
mediastinum below the arch. (sophagus and tumor had 
been removed and the bed was clean. Unfortunately the 





Fig. 1. (Ssophageal obstruction beginning at the level of 
the arch of the aorta. 


right pleura was open, but on account of the moist packing 
over the opening there had been no serious change in the 
patient’s condition. The right pleura could not be grasped 
in order to close it, but the soft tissues of the mediastinum 
were allowed to fall together and over this the left parietal 
pleura was carefully closed by continuous plain catgut 
suture from the undersurface of the arch to the diaphragm. 
This effectually re-established two pleural cavities. The 
dissection of the oesophagus was now continued upward in- 
to the neck. The lung in the upper part of the chest was 
quite adherent and offered some obstacles which were over- 
come. A hard nodule could be felt in the apex, but whether 
it was a metastasis or an old fibrous tuberculous nodule 
could not be determined. When the cesophagus was sufli- 
ciently mobilized the patient was turned on her back. An 
incision was now made in front of the sternocleidomastoid 
muscle at the lowest part of the neck and, by blunt dissec- 
tion, aided by a finger extending upward through the 
thoracic wound, the cesophagus was liberated and the 
entire organ, with the tumor at its lower end, brought out 
of the neck wound. It was wrapped in moist gauze and 
temporarily left there. The patient was now again turned 
on her side, and the thorax wound re-opened wide. The 
parietal pleura above the arch of the aorta was sutured with 
continuous plain catgut to prevent leakage of air into the 
neck. The thorax looked clean and dry. Drainage was 
established by means of a stab wound through one of the 
lower posterior intercostal spaces. A 14-inch soft rubber 
tube was inserted and allowed to project 3 inches into the 
thorax. It was fastened to the chest wall by one suture. 
The lung was now fully inflated and the thoracic wound 
closed. Plain catgut was used to suture the intercostal 
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Fig. 2. Temperature chart first week after operation. 


tissues, chromic catgut for the muscles of the chest wall, 
and silk for the skin. The rib ends approximated nicely 
without any difficulty. The wound was dressed and the pa- 
tient turnedon her back. Attention was now directed to the 
neck wound and the projecting cesophagus. It was planned 
to remove the tumor with a safe margin of normal cesopha- 
gus and then draw the oesophageal stump through a 
subcutaneous tunnel and implant it on the upper thoracic 
wall. When I was ready to divide the cesophagus, I noticed 
a small tumor metastasis or implant in the muscular wall 
well above the main tumor. ‘This necessitated division of 
the oesophagus at a higher level than had been contem- 
plated, leaving only a short stump, which had to be im- 
planted in the neck above the clavicle, with some tension. 
It was first fixed to the neck muscles with a few catgut su- 
tures to make retraction less likely and its open end was 
sutured to the skin with interrupted silk sutures. A small 
split tube drain was inserted next to the oesophageal stump 
and a dry dressing was applied. 

The patient stood the operation quite well. The com- 
plete operating time was 24% hours. The drainage tube, 
with its end lower than the fluid level, was connected with a 
drainage bottle in order to maintain closed drainage. 

The patient reacted well after the operation. She was 
quite cyanotic for a while but by the following day the 
color was more normal. Respiration was a little difficult 
and jerky. There was a moderate amount of discharge 
from the cesophageal stump and the dressing was there- 
fore changed. Physical examination showed good resonance 
over both lungs, with breath sounds heard all over. There 


was drainage of about 200 cubic centimeters of sero- 
sanguineous fluid into the bottle during the first 24 hours. 

The heart action was good and regular; the pulse was 
120; and the temperature was 103.6 degrees. Her general 
appearance gave a good impression, 

During the first 24 hours water was given by hypoder- 
moclysis. Then administration of fluids through the 
gastrostomy tube was started and 4 ounces was given 
every 2 hours. An X-ray of the chest, made the day after 
operation, showed both lungs completely expanded, with 
no fluid at either base. The rib fragments were in perfect 
position. 

On the second day the temperature and pulse rate fell 
somewhat (Fig. 2) and the patient looked better. There 
was only 100 cubic centimeters of drainage during the 
second 24 hours. 

On the third day no drainage from the chest was noticed. 
The drainage tube was therefore removed and the wound 
was covered with a dry dressing. The drain from the neck 
wound was likewise removed, as well as all the sutures from 
this wound, except those holding the cesophagus stump. 

On the seventh day the patient was allowed out of bed. 
She was given fluids by mouth which were at first expelled 
through the cesophageal stump and caught in a pus basin 
in order to clear out the tract. Then a rubber tube was 
inserted into the stump and connected with the gastrostomy 
tube (Fig. 3). 

Thereafter the patient was permitted to take fluids by 
mouth and swallow them the normal way, to pass down 
through her rubber cesophagus into the stomach, or she 
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was fed through the gastrostomy tube, as she desired. At 
first she was somewhat timid about swallowing through 
the tube but after a while she became quite adept at it and 
had the pleasure of tasting food of which she had been de- 
prived for some time. 

Swallowing through the tube was never as satisfactory 
in this case as it was in Torek’s case or in my first case. There 
was frequently leakage alongside the tube, no doubt due to 
the shortness of the esophageal stump. When the tube was 
put in too far it would impinge against the posterior 
pharyngeal wall or irritate the larynx and annoy the 
patient. The most troublesome condition, however, was 
regurgitation of food from the stomach all the way up 
through the rubber cesophagus into the throat. It took 
some time to learn to overcome this and the exact reason 
for it was never definitely determined. It seemed to be due 
to the fact that the stomach was constricted in its mid- 
portion as the result of plication while performing the 
gastrostomy. The food entered only the distal or pre- 
pyloric region of the stomach and was regurgitated from 
there. Only if forcible pressure was made on the tube or 
vigorous swallowing efforts were made was the food dis- 
tributed through the entire stomach. We were able to 
demonstrate this by means of a barium meal given through 
the gastrostomy tube. 

Convalescence was uneventful aside from this and except 
for a great deal of pain at the site of the rib division. A 
superficial low grade infection developed which took con- 
siderable time to heal. 

The patient was discharged March 31, 1929, well able to 
take care of herself. During the following months she 
continued to lose a little weight and she was never entirely 
free from pain, which she referred chiefly to the upper 
part of her back and to the left shoulder region. On 
examination no metastases could be made out, until May 
28, when a deep-seated, ill-defined swelling was noted on 
the left side of the neck. When the patient was next seen a 
few weeks later a large mass had formed which occupied 
the region of and apparently involved the thyroid gland and 
the lymph nodes of the upper mediastinum and lower neck 
on the left side. It was quite fixed and surgically irre- 
movable. There was no discharge from the cesophageal 
stump suggestive of ulceration of the mucosa, and swallow- 
ing was not painful. Deep roentgen-ray treatment was 
advised and is being continued at the present time. The 
mass has considerably shrunken in size. Roentgen-ray 
examination of the lungs is negative for metastases and 
there are no symptoms or signs of disease below the 
diaphragm. 


We were dealing with a patient 55 years of age 
who came to operation about 7 months after the 
onset of symptoms, which were then of an obstruc- 
tive nature. Although the tumor was an epi- 
thelioma it was not of the flat variety but elevated 
and cauliflower-like and therefore gave rise to 
difficulty with swallowing early in the disease. 
An X-ray examination or an cesophagoscopy at 
that time would, no doubt, have established this 
diagnosis and an operation would have given her 
a much better chance. As it was, after months of 
symptoms with the associated loss of weight, she 
was still a fairly good surgical risk but from the 
standpoint of cancer surgery her chances were 
considerably diminished. There is reason to 
believe that she had metastases at the time of 
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Fig. 3. Rubber cesophagus connecting cesophageal stump 
with gastrostomy. 


operation but that could not be definitely estab- 
lished. Pain was an outstanding symptom in her 
case and that is usually prognostically a bad sign 
as it indicates involvement of the surrounding 
tissue. 

Of interest in this case was the extension of the 
tumor into the opposite pleura, requiring resection 
of a portion of that layer. It has been found that 
patients do not stand opening of both pleure well 
but that an acute pneumothorax supervenes from 
which they do not recover. By being able to 
suture the left parietal pleura, both above and 
below the arch of the aorta, this danger was 
averted, and X-rays taken on the day after opera- 
tion showed full inflation of both lungs. 

Although this case with its present metastatic 
tumor of the neck presages an unsatisfactory out- 
come, it nevertheless has to be counted as a 
successful surgical case. Whether the patient is 
permanently cured is not the point at the present 
time. We all know that in cancer of the cesopha- 
gus we have to deal with the same conditions that 
we encounter in cancer affecting other organs and 
that we are likely to have recurrences and metas- 
tases until patients are referred for surgical treat- 
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ment sufficiently early to improve the prognosis 
from a cancer standpoint. The most important 
thing at the present time is to establish the feasi- 
bility of successful operative removal. In plan- 
ning the operation it must be the aim of the sur- 
geon to have the patient reasonably comfortable 
after its performance. To operate with results 
which make life unbearable for the patient is not 
justified. 

It is recognized that patients may be quite 
comfortable with a gastrostomy and in the opin- 
ion of the majority of surgeons this is the pro- 
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cedure of choice as soon as the patient reaches 
the stage of inability to swallow. The operation, 
however, is not curative but simply palliative. If, 
in addition to performing a gastrostomy, the 
tumor can be removed, a great deal has been 
gained. If, however, in addition to removal of 
the tumor, mastication and deglutition can be 
re-established, even through a rubber oesophagus 
outside the body as in Torek’s case and my 2 
cases, we are still nearer the ideal, which is the 
direct internal connection between the resected 
cesophagus stump and the stomach. 


SKIN GRAFTING 


OWEN H. WANGENSTEEN, B.A., M.D., Ph. D., F.A.C.S., MINNEAPOLIS, MINNESOTA 


From the Department of Surgery of the University of Minnesota 


N 1920 Wilhelm Braun, of the Friedrichshain 
Hospital in Berlin, described a new method 
of skin grafting. The method consisted in the 

implantation of small pieces of skin about 2 to 4 
square millimeters in size directly into the granu- 
lations in such a manner that the implant just 
disappears from sight, much as one would deposit 
seed in the ground. 

This is a very simple but effective means of 
covering a denuded area. An advantage of the 
method is that it can be employed in cases in 
which the commonly practised methods of skin 
grafting would fail. The only condition that must 
be fulfilled in employing the procedure is that 
granulation tissue must be present in the wound. 
The method, however, works well in the presence 
of infection and it is not necessary that the 
granulations be healthy. I have implanted these 
grafts with a satisfactory result into the granu- 
lations of a wound in which the wound edges were 
widely separated while faces from a colostomy 
were being discharged over the wound. I first 
employed the method in September, 1928, in an 
aged man who developed a large pressure sore 
(Fig. 4) over one of the ischial tuberosities with 
considerable undermining of the skin following a 
thigh amputation for arteriosclerotic gangrene. 
As soon as granulations appeared in the wound, 
these grafts were implanted and with surprising ra- 
pidity the defect became covered with epithelium. 

We have employed the method now at the 
University of Minnesota Hospital in more than 
60 cases. It is a method of transplantation of skin 
that can be used on ambulatory patients, and on 


a number of occasions we have used it in the out- 
patient department. In several of the instances 
in which we have employed these implantations, 
the Reverdin, the Davis “small deep,” or 
Thiersch grafts undoubtedly would have been 
satisfactory. The absolute indication for the 
method is in those cases in which other methods 
would fail, as in osteomyelitic cavities, chronic 
empyema cavities, and decubitus ulcers with 
undermining of the skin. In a patient suffering 
from a paraplegia due to metastasis from car- 
cinoma of the cervix uteri, the method was em- 
ployed in grafting a deep pressure ulcer that 
developed over the sacrum (Fig. 5). Shortly 
before the patient’s death, 7 weeks later, a photo- 
graph (Fig. 6) showed that the defect was prac- 
tically healed. The healing had taken place even 
though the patient lay on her back a good deal of 
the time and in spite of urinary and fecal incon- 
tinence. 
TECHNIQUE 

The skin employed for grafting is obtained in 
the same manner as Thiersch skin grafts are cut 
from the anterior surface of the thigh (Fig. 1). 
Skin sterilization is accomplished by applying 
two coats of half-strength tincture of iodine fol- 
lowed, when dry, by a saturated solution of sodi- 
um thiosulphate! in 70 per cent alcohol. Anzs- 
thesia of the area from which the skin is to be 
removed is obtained with infiltration of 1 per cent 


1This is the routine skin preparation at the University Hospital. Sod- 
ium thiosulphate neutralizes the iodine and removes the iodine stain 
much more efficiently than does alcohol alone. This technique was intro- 
duced 8 years ago by Dr. Fred Richardson, of Minneapolis, then an in- 
terne at the hospital. 
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Fig. 1. Method of obtaining skin for implantation. 
procaine. The surface into which the granula- 
tions are to be implanted is painted with 2 per 
cent mercurochrome. We have found that the 
implantation into the granulating surface can 
often be made without anesthesia. When pain 
is complained of, ethylene anesthesia. is given. 
The skin over the thigh is then held taut with two 
ordinary dinner plate knives and a thin sliver of 
skin about 11% to 2 inches in width is cut with 
an easy sawing motion with a straight edge razor 
or a sharp amputating knife. A piece of skin 
about 3 inches in length will serve to cover a very 
large skin defect by this method. With a fine 
sharp scissors, this Thiersch graft is then cut into 
many small pieces from about 2 to 4 square milli- 
meters in size and the small segments of skin are 
placed on a towel that covers a sterile board. An 
ordinary small straight sewing needle is then 
grasped “end on” with a small Kelly hamostat, 
such that the eye of the needle is at the free end. 
The small pieces of skin are then impaled (Fig. 2) 
with the blunt end of the needle and pushed 
obliquely into the granulation tissue until the 
graft just disappears from sight (Fig. 3). An 
ordinary tissue forceps is used to retain the graft 
while the needle is being withdrawn. 

The entire granulating surface is seeded in this 
manner, the grafts being placed about 1 to 1.5 
centimeters apart. An unusually large defect can 

1In Pels-Leusden’s Clinic in Greifswald, skin is macerated and in- 
ae ag papa Soe oi ng cap eye area ape nue soa —2- 
duce tor sans th 2 pats al pines ben test, Sh 
curette, Alglave makes small excavations in the granulations into each 


of which he places a fragment of skin about the size of the ordinary 
“small deep” graft. 
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The “Thiersch graft” 
ments about 2 square millimeters in diameter and these are 
impaled with the blunt end of an ordinary sewing needle. 


Fig. 2, above. is cut into small frag- 


Fig. 3. Implanting the grafts. 


be covered with a small amount of skin by this 
method. It apparently does not matter whether 
the skin side of the graft is up or down. These 
grafts really constitute a tissue culture im vivo 
and should have a good chance of survival.! 


Skin implants in 
Superficial & deep area « 






Fig. 4. Asketch made ro days after implantation of grafts 


into a large undermined decubitus ulcer. The epithelial 
buds are sprouting and epithelium is being proliferated from 
the implants. 
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Sketch made at the time of implantation of a large decubitus ulcer in a 


patient with paraplegia. (A sinus tract is incorrectly labelled ‘‘fistula’”’ in the drawing.) 


Following the completion of the procedure the 
grafted area and the site from which the skin was 
removed are covered with vaseline gauze. No 


pressure need be applied to the surface where the 
skin has been implanted. After 3 or 4 days the 
raseline gauze is removed from the grafted area 





Fig. 6. Photograph of the same lesion a few days before 
the patient died, (carcinoma of cervix with metastases). 
The ulcer that was implanted is practically healed. There 
is a newly formed smaller decubitus ulcer below. 
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Fig. 7. Drawing made 14 days after implants were applied. 
An area of excavation is present about each implant. A 
single Thiersch graft was placed on the lower portion of the 
wound. 
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Fig. 8, left. Photograph of same case taken a few days later. 

Fig. 9. Condition on discharge; area practically healed, but cosmetic result not very 
satisfactory. The skin is thin and with numerous large vessels in the regenerated 
epithelium. 





Fig. 10, left. Condition on dismissal from the hospital; good cosmetic result in an 
extensive burn in which the implantation method of skin grafting was employed. 

Fig. 11. Lateral view of same patient; a few small areas were uncovered at time 
of discharge. Subsequent examinations show the result to be very satisfactory. 
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and similar strips are placed around the periphery 
of the wound and Dakin’s solution is applied to 
the grafted surface sufficiently often to keep the 
discharge minimal. Bathing of the wound with 
Dakin’s solution will not wash off the grafts. 

After about 8 days the implants make their 
appearance as whitish necrotic areas. These 
rapidly increase in size and a thin layer of epithe- 
lium spreads out from these implants gradually 
covering the granulations. In some of the earlier 
cases grafted by this method a depressed area 
was frequently present in the granulations about 
the implant (Fig. 7). However, since smaller 
grafts have been implanted and since Dakin’s 
solution has been employed routinely to inhibit 
the excessive growth of granulations, these saucer- 
like areas of excavation or depression around the 
implants have not been observed. 

Carrel and Hartmann, during the period of the 
war, emphasized the importance of keeping 
wounds free from discharge to encourage healing. 
In their measurements of the rapidity of wound 
healing they found that when infection occurred 
in a wound the healing process stopped and the 
curve of wound healing flattened off directly. 

It is frequently remarkable how quickly a 
granulating surface becomes covered with epithe- 
lium after the implants have made their appear- 
ance above the surface. The rapidity of healing 
is due, however, in no small measure to the con- 
traction of the healthy tissues about the granu- 
lating surface. Tracings made of the wound 
during varying stages of healing demonstrate this 
feature very well. This reduction in the actual 
size of the wound Carrel (3) described as granulous 
retraction. Unlike the small deep graft, this im- 
plant fuses with the rest of the skin and does not 
preserve its identity. The ultimate appearance of 
the wound in which these implants have been used 
is not unlike that in which all the epithelization 
has obtained from the periphery as in the ordinary 
healing of granulating wounds. 

The cosmetic result in some extensive burns in 
which these implants were used has not been 
above criticism. In one such instance an unusu- 
ally red thin skin with numerous visible vessels in 


the regenerated epithelium obtained following the 
procedure (Fig. 9). In a few burns there has been 
a definite tendency toward keloid formation in 
the new epithelium. However, the original severe 
nature of the injury to the tissues in these 
instances may have been as much or more re- 
sponsible for the unsatisfactory result as the 
method employed in covering the defect. In 
several other burns in which the destruction has 
been less intense, very satisfactory cosmetic 
results have been obtained (Fig. 10). A tendency 
to keloid formation in other types of wounds in 
which such implants have been made has not been 
observed. The percentage of “takes” by this 
method is high. Should a portion of the wound 
lag behind in becoming covered with epithelium, 
this area may be reimplanted. Not infrequently 
one or two small granulating areas persist after 
the greater portion is entirely covered with 
epithelium. These areas are usually slow to heal. 
Keeping the granulations moistened with Dakin’s 
solution during the period of wound healing and 
free from discharge will inhibit the heaping up of 
granulations and obviate the occurrence of iso- 
lated slow healing areas. 

For the epithelization of excavated defects this 
simple method of skin grafting has no equal. The 
only requisite is that granulations be present; 
failure to obtain wound sterility is not a hindrance 
to the success of the procedure. 
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REPORT OF TWELVE CASES 
C. C. HIGGINS, M.D., CLEVELAND, Onto 


Cleveland Clinic 


| URING recent years the number of cases 

of traumatic rupture of the urethra has 

apparently decreased. This is due prob- 
ably to the increased number of safety devices 
and appliances in industrial pursuits. In past 
years numerous cases were seen in seaport cities 
where the injury occurred in sailors on the old 
sailing vessels. Nowadays the accident seems to 
occur almost exclusively in children who acciden- 
tally fall astride of some object, or in men who are 
engaged in carpenter work, building construction, 
or some similar industrial occupation. 


TYPES OF RUPTURE OF THE URETHRA 


There are 3 types of rupture of the urethra: 
rupture of the pendulous urethra, rupture of the 
bulbous urethra, and intra-pelvic rupture of the 
urethra. Rupture of the pendulous urethra occurs 
but rarely and none of the cases reported here 
is of this type. However, during erection this 
condition may occur, or as Guyon states, the in- 
jury can occur during coitus. 

By far the most common type of urethral injury 
is rupture of the bulbous urethra. 


RUPTURE OF THE BULBOUS URETHRA 


Symptoms and signs. Patients who present 
themselves for examination immediately after 
rupture of the bulbous urethra has occurred 
usually complain of pain, hemorrhage from the 
meatus, difficulty or inability to void, tenderness, 
and tumefaction. 

The pain at first is sharp and steady in char- 
acter and rarely is localized in the region of the 
rupture; later it becomes more or less continuous 
in the perineum especially as the perineal hama- 
toma develops. As this progresses and infection 
develops, throbbing pain, fever, tenderness, and 
chills may occur and all the usual toxic mani- 
festations may appear. 

Hemorrhage from the meatus always occurs. 
It is always well to remember that the degree of 
hemorrhage does not always indicate the extent 
of the rupture. Hamorrhage may be so profuse as 
to necessitate a transfusion, even in cases in 
which the urethra is only partially ruptured. In 
such cases the passing of a large catheter may 
control the bleeding, while in others in which the 


hemorrhage is not so profuse, surgical interven- 
tion may be required. 

Inability to void is a frequent symptom im- 
mediately after the injury is sustained. This is 
due to the contraction of the lacerated urethra 
and spasm of the compressor urethral muscle. 
That this is the case is indicated by the fact that 
when the patient is placed under spinal anesthesia 
in preparation for operation, he may void. Later, 
the congestion, the haematoma, and the infection 
are factors which produce the inability to void. 

Due to the fact that reflex spasm of the com- 
pressor muscle prevents extravasation for a few 
hours, and as a result of earlier diagnosis extensive 
extravasations are not as common now as in the 
past. When the rupture occurs above the bulbous 
urethra, extravasation into the cellular structures 
of the pelvis occurs immediately, thus rendering 
the condition more serious. Thus, an accurate 
diagnosis influences measurably the complications 
of the condition. 

As tumefaction is primarily the effect of hamor- 
rhage and extravasation, it will not be discussed at 
this time. Later, this tumefaction is influenced by 
urinary extravasation and superimposed infection. 
The extravasation which follows the fascial spaces 
has been discussed by Campbell. 

Perineal haematoma, of course, is usually pres- 
ent. Legueu states that the gravest ruptures are 
associated with the largest hematomata. From 
our experience, however, the size of the hematoma 
is not always a true index to the gravity of the 
condition. Occasionally the injury to the bulb of 
the urethra and its sheath may be marked, while 
the mucosa of the urethra is only slightly dam- 
aged. In one of our cases the urethra was almost 
completely ruptured, but only a small perineal 
hematoma was present. 

Diagnosis. The diagnosis of rupture of the 
urethra is not always easy, and difficulty may be 
encountered in ascertaining the extent of the 
rupture. The symptoms and signs do not always 
indicate the degree of trauma. Although inability 
to void may be due to a reflex spasm of the com- 
pressor urethralis muscle as the result of an injury, 
and clots may pass from a minor injury, usually 
the history of trauma, of hemorrhage from the 
meatus, and of a perineal haematoma associated 
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ABSTRACTS OF HISTORIES OF CASES OF INJURIES OF 


Injury 


| Rupture of mucous 
membrane of ure 
thra 


4-02} Ruptured urethra 


Ruptured urethra 


Complete rupture of 
urethra 


Ruptured 


Rupture of urethra 
«complete lacera 
tion) 


Ruptured urethra 


Ruptured urethra 


Ruptured urethra 


Ruptured urethra 


Ruptured urethra 
(carcinoma) 


Ruptured urethra 








Cause of injury 


Not stated 


While be idles over to get a shov- 
el was struck from behind by 
nose of a bucket which hit him 
on left tuber-ischii and perineum 


While partially intoxicated slip- 
ped getting out of wagon with 
foot on hub and fell astride 
wheel 

While being let down from upper 
story by a rope, slipped and fell 
about ro feet, landing astride an 
iron rod 


Fell astride carriage wheel 


Slid from hay loft and fell astride 
a barrel—3 days before operation 


Fell astride buggy wheel 4 weeks 
before 


Not stated 

Pile of lumber fell on patient 15 
months ago. Pelvis fractured in 
three places, and bladder rup- 
tured. Bladder repaired, no 
drainage could be established 
through urethra, but repeated 
attempts made 

18 days ago fell astride a faucet 
which struck him a little to right 
of midline and about 2 inches in 
front of anus 


Sy mptoms 
Condidecutte tasting. com ure- 
thra for week or 10 days, trouble 
began at night 


Immediate desire to urinate 
could not; swelling left side of peri 
neum; slight abrasion; consider- 
able bulging over perineum; 
penis oedematous 


Diffic ult slight and painful mi micturi- 
tion. Catheter passed at first but 
impossible 8 days later. Bladder 
distended; extravasation of urine 
and ecchymosis in pe rineum 

No micturition; gveat pain all night; 
attempt by physician to pass 
sound, could reach perineum but 
no more. Some blood clots and 
considerable urine passed later. 
Bladder greatly distended; scro 
tum black and oedematous. Ec 
chyt mosis. 





No mic turition: bleeding from’ ure 
thra; marked ecchymosis; penis 
and scrotum acdet matous 


Not given 


Severe pain in perineum; blood from 
meatus. In bed 2 weeks with hot 
applications to perineum. Swelling 
right testicle, ecchymosis. No 
hematuria. No blood except just 
after accident. Increasing difficul- 
ty in urination 


Not stated 


Not given 


Distention, voluntary micturition 
impossible. Involuntary urination; 
slight bleeding from penis. 





Slipped and hurt rectum 3 years 
before. Cut from rectum to blad- 
der which for several months 
drained urine into rectum. 


with inability to void indicates the presence of a 
rupture of the urethra. 
strictly aseptic conditions should be attempted. 
The soft rubber catheter is passed first, and if it 
fails to pass into the bladder, then the coudé 
catheter should be tried. By curving the tip of 


Catheterization under 





No urine through penis at t first. re ut 
healed, then urine through penis 
until 2 years ago. Then urethra 
closed and opening m made to blad- 
der through perineum. This open- 
ing closed a day ago and no urina- 
tion possible. Has had chills, ab- 
scess in rectum; some fever; urine 
dark and burning. 
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_Operation 





“Applic ation of adrenalin; and t ure- 

thra packed with gauze within 
urethroscope, removed 3 weeks 
later. No recurrence. 








‘Perineal section; urethra separated 
about an inch from bulbomem- 
branous portion. Suture end-to- 
end; fine catgut; bulbous oe sew- 
ed to deeper structures. Catheter 
left in place 2 days later; later re- 
introduced; length of time it then 
remained not stated. 

End-to- end annenmiens with fine 
catgut without going through mu- 
cous membrane. 


Sc rotal and pe srinea! i incision; suture 
end-to-end. 


Perineal section: drsinage me blad- 
der. 


Perineal section; blood clot evacu- 
ated; bladder catheterized; sep- 
arated ends of urethra united with 
fine linen suture; idoform drain. 

Found almost complete division of 
urethra. Plastic operation per- 
formed. 


End-to- end: anastomeuis. 


E nd tos ose anastomosis. 





Bladder catheterized with consider- 
able difficulty. Good deal of 
haemorrhage. No other treatment 
except catheterization. 

Anastomosis of severed ends of ure- 
thra to perineum, making new 
urethra. Much scar tissue found 
which proved to be carcinomatous. 





Urethra. was found to be entire ly 
divided, the divided ends being 
surrounded by a large hematoma. 
Plastic operation performed. 





the catheter, it may follow the roof of the ure- 
thra which frequently remains intact. 

In view of the injured, devitalized, and lacer- 
ated tissue, together with the presence of a 


hematoma, a fertile field awaits infection, 


to 


avoid which every precaution should be exercised. 
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Fig. 1. Rupture of the urethra. Anastomosis of rup- 
tured urethra over a catheter. 


In one case, a urethroscopic examination dem- 
onstrated the lacerated urethra, but usually the 
hemorrhage is so profuse that visualization of the 
urethra is difficult. 

Treatment. Controversy still exists as o the 
treatment of incomplete rupture of the urethra. 
Personally I am satisfied if a soft rubber catheter 
can be passed into the bladder. 

Some French authors state that incomplete 
rupture is an etiological factor in the formation of 
strictures, but I am certain that adequate dila- 
tation at a later date will overcome this obstacle. 

Perineal section has been advised by Reginald 
Harrison and by others. However, if possible, I 
believe it should be avoided. If infection super- 
venes, or we are unable to pass a catheter into the 
bladder, then perineal section is necessary. 

The types of operations in complete rupture of 
the urethra are the following: (1) end-to-end 
anastomosis, (2) insertion of catheter, (3) Ruther- 
ford technique, (4) suture of roof of urethra. 

In this series, perineal section with end-to-end 
anastomosis was the procedure of preference in 
the cases which required surgical intervention. 

The lacerated, devitalized tissues at the point of 
injury to the urethra are excised and the anas- 
tomosis is performed over a catheter, as in the 
illustration (Fig. 1), the two posterior sutures 
being placed first and followed by the anterior 
sutures. The catheter is then strapped to the 
penis by adhesive to prevent its slipping out. 

Heitz-Boyers recommends removal of the cathe- 
ter immediately after anastomosis, the urinary 
stream being diverted by a suprapubic cystot- 
omy. In one case cystotomy with retrograde cathe- 
terization followed by incision and drainage in the 
areas showing extravasation, gave a good result. 

In 1904, Rutherford described the sutureless 
method which seems satisfactory, especially in 


Fig. 2. Rupture of the urethra. Perineal extravasation 
of urine. 


cases in which infection and extravasation have 
occurred. He recommended suprapubic cystotomy 
followed by immediate perineal section. A cath- 
eter was then passed from the meatus into the 
bladder and no sutures were inserted, the perineal 
wound being packed open. He stated that when 
the patient was in the recumbent position, the 
cut ends of the urethra would come into close 
approximation over the catheter and union would 
take place, the catheter acting as a splint. 

Rutherford Morison’s technique consists in 
suturing only the roof of the urethra, this being 
accomplished by interrupted catgut sutures. 
Then if a cystotomy is also performed, it is not 
necessary to insert a catheter. The perineal wound 
is packed open with gauze. 


INTRAPELVIC RUPTURE OF THE URETHRA 


Intrapelvic rupture of the urethra occurs less 
frequently than rupture of the bulbous urethra, 
and no case was encountered in this series. In 
such cases, the urethra is torn in association with 
crushing injuries of the pelvis. The seriousness of 
the condition can be comprehended when we 
realize the shock which is present in patients 
with a fractured pelvis, even without urethral 
injury. Thus this complication is serious. The 
rupture is usually at the apex of the prostate and 
tears the prostate from the membranous urethra. 

Symptoms. Symptoms of fracture of the pelvis 
are usually present and a grating sensation is 
elicited when pressure is applied to the iliac 
crests. Hemorrhage from the meatus also is a 
constant symptom and frequently is quite profuse. 

ain is usually very severe, and tenderness over 
bladder and hypochondrium is elicited. Rigidity 
over lower abdomen is present in some degree. 
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Bailey states that the extravasation usually is 
more prominent on one side or the other of the 
lower abdomen. Usually no tumefaction is present 
in the perineum. 

Diagnosis. ‘The differential diagnosis between 
this condition and rupture of the bladder may be 
very difficult. However, if the bladder is dis- 
tended and palpable, the rupture is below the 
vesical sphincter. 

Treatment. In the presence of this condition, 
immediate surgical intervention is necessary. 
Suprapubic cystotomy and drainage of the space 
of Retzius should be done as soon as possible. 
Due to rupture of the puboprostatic ligaments, 
the neck of the bladder and the prostate are dis- 
placed backward, as also by the pressure exerted 
by the extravasated urine in the space of Retzius. 
This displacement must be corrected as soon as 
possible before these parts become adherent to the 
adjacent tissue, so that their return to their nor- 
mal position becomes possible. Moreover, a per- 
manent suprapubic fistula will result if this 
displacement is not corrected. 

The patient’s condition is such that “he who 
hesitates is lost” and the operation must be per- 
formed as rapidly as possible. The perineal 
operation is performed 48 to 72 hours after the 
preliminary cystotomy. 

The catheter is passed in a retrograde direction 
from the bladder to the perineum and is then 
passed out through the meatus. This catheter 
acts as a splint holding the bladder neck in normal 
position until the cut ends of the urethra unite. 
Fortunately, the membranous urethra in contrast 
to the bulbous urethra has but little tendency to 
stricture formation. 

The complications which may accompany an 
intrapelvic rupture of the urethra are: traumatic 
stricture, extravasation of urine, and infection 
and gangrene. 

Some degree of traumatic stricture usually en- 
sues and it must be impressed upon the patient’s 
mind that treatment must be continued after he 
leaves the hospital. The catheter is usually re- 
moved in 48 to 72 hours. After 10 to 16 days in- 
strumentation can be safely instituted. The further 
treatment is based upon urethroscopic study. 

Extravasation follows the arrangement of defi- 
nite anatomical structures, namely, the external 
and internal pelvic fascia. Extravasation which 
occurs anterior to the triangular ligament spreads 
over a route limited by Colles’ fascia in the 
scrotum, perineum and penis, and in the abdomen 
by Scarpa’s fascia. Since these cases at the present 
time are seen and treated soon after the receipt of 
the injury, the extravasation is now usually 
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perineal and scrotal in type (Fig. 2). Formerly in 
cases seen later the extravasation had extended 
to the penis and lower abdomen. In cases in 
which the pendulous urethra is ruptured, the 
penile extravasation is localized by Buck’s fascia 
and rarely extends upward to the abdomen. 

If the lesion occurs posterior to the triangular 
ligament, the extravasation usually involves the re- 
troprostatic region and invades the upper inner as- 
pect of thigh, the ischiorectal fossa, and buttocks. 

If the lesion occurs between the layers of the 
triangular ligament, the extravasation may spread 
externally or toward the pelvis. Campbell re- 
ports 4 cases in which the extravasation extended 
to the ischiorectal spaces. However, in such cases 
the extravasation usually spreads externally. 

When extravasation is due to an intrapelvic 
rupture of the urethra, it extends to the prevesical 
and perivesical regions, and as Bailey states, one 
side is usually more involved than the other. 

Infection from the urine or that due to poor 
asepsis results in an extensive phlegmon which 
requires free incision of the involved regions. 
Albarran states that this phlegmon is due to 
anaerobic bacterial invasion and that the fluid 
is an inflammatory exudate. However, as shown 
by Kidd, urea can usually be found in the fluid. 


MORTALITY AND END-RESULTS 


The mortality of rupture of the urethra is low 
if the case is seen immediately, but it is influenced 
by the time which elapses after the injury is 
received. With our present understanding of the 
condition, it should be reduced to practically nil. 

Stricture may result, but under judicious, con- 
scientious care, this will respond to treatment. 
Better some degree of stricture than a dead 
patient. 
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SPECULATIONS ON CONTROL OF 
INTESTINAL FUNCTION 


HE romance of medicine lies in induc- 

tive philosophy, in which tomorrow is 

the great day. Yesterday furnishes the 
deductive philosophy, which acts as a com- 
pass to keep our directions true. 

In mammals the testis is the primitive pro- 
creative organ, and because of its long 
heredity it is relatively free from disease; the 
ovary, secondary to the testis, is a more 
recent acquisition which has not yet achieved 
the same resistance. So, too, the sigmoid, a 
convenient storage organ but of more recent 
development, has not yet achieved the stabil- 
ity of the primitive small intestine. The right 
half of the large intestine is derived from the 
midgut, and in the embryo has the same type 
of epithelium as the small intestine and 
carries on an absorptive function. ‘The sig- 
moid is derived from the hindgut and has 
relatively little absorptive function. By re- 
verse peristalsis derivatives of the food end- 
products are returned for further elaboration 
and absorption until the faecal stage is 
reached. 


Certain recent investigations by Alvarez 
and his colleagues have shown the influence 
of food products on mass. Among the various 
types of food which form a mass, such com- 
mon articles of diet as potatoes and milk form 
a relatively large mass, whereas red meats 
induce a large amount of bacterial action. 
Three-fourths of the peoples of the world eat 
ricef or carbohydrate and more or less fish 
for protein. Rice not only has a high calorie 
content, but also it liquefies and forms only 
a very small mass; such articles of diet as 
fish also form a small mass. 

We are getting new light on the sympathet- 
ic nervous system, which acts as a brake on 
intestinal progress. 

Speaking picturesquely, one notes various 
types of control over the vegetative func- 
tions, for example, the linking up of non- 
striated muscle with the nodal system and 
with the internal secretions so largely instru- 
mental in carrying on gastro-intestinal func- 
tions. These controls are shown in the occur- 
rence of intestinal peristalsis once or twice 
in each minute and contractions 
eighteen or twenty times in each minute, the 
latter movements serving as a motor pump to 
propel venous blood in the portal system to 
the liver. 


intestinal 


All of these forms of stimulation 
are linked with the sympathetic nervous 
system and through the sympathetic gan- 
Our 
knowledge of this interrelationship we owe to 
the fundamental work of Gaskell and Langley. 

The work of Hunter and Royle stimulated 
fresh surgical interest in the sympathetic 
nervous system. In this field Adson and his 
associates have been able to relieve megacolon, 


glions with the central nervous system. 
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which so closely resembles the dilated cesoph- 
agus in cardiospasm, by removal of the 
lumbar sympathetic ganglions and their com- 
municating branches. Learmonth points out 
that the operation effects its purpose probably 
by leaving the sacral sympathetic outflow, 
which is motor to the distal part of the colon, 
in sole control of this part of the bowel. 
Adson and his coworkers also have brought 
about marvelous relief in Raynaud’s disease, 
in certain types of contraction of the blood 
vessels of the extremities leading to gangrene, 
and in certain types of arthritis, by removal 
of the appropriate sympathetic ganglions and 
their communicating branches. 
W. J. Mayo. 


TOTAL VERSUS SUBTOTAL 
ABDOMINAL HYSTERECTOMY 


HE question whether a total or sub- 

total hysterectomy should be performed 

when hysterectomy is indicated is not 
settled. This assumption is correct since the 
issue is frequently discussed at medical meet- 
ings. There is no unity of opinion among 
general surgeons and gynecologists; some have 
discarded the one in favor of the other. Dur- 
ing the past ten years many have advocated 
total hysterectomy for fibromyomata when 
removal of the uterus was indicated. The 
training and experience of gynecologists with 
this procedure are of course greater than of 
most surgeons, so that it is hardly fair to 
expect the occasional operator to adopt a 
technique with which he has had little ex- 
perience. 

There is a definite field for both procedures, 
although I feel that total hysterectomy should 
by performed by experienced surgeons in most 
instances in which removal of the uterus is 
indicated, in which the cervix is definitely dis- 
eased, and when the patient is in good general 
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condition. On the other hand, if the cervix 
is small and there is no evidence of cystic 
disease or infection, the supravaginal or sub- 
total operation can be performed. 

That the cervix is a source of infection and 
should be removed in all instances in which 
it is chronically diseased and in which hys- 
terectomy also is indicated, has been shown 
by Rosenow, Moench, Benedict, and Nickel. 
Rosenow regards the cervix in the same light 
as the tonsils, as a focus of infection. Moench 
has found that the most conspicuous organism 
isolated from the cervix in cases of leucorrhoea 
is the streptococcus. Here, too, Benedict and 
his associates have shown the relationship 
between chronic cervical infection and lesions 
of the eye. Nickel recently produced hemor- 
rhagic lesions around the trigone in bladders 
of dogs which had been injected with a cul- 
ture from the cervical stump of a patient 
suffering from a Hunner’s ulcer. Perhaps the 
most cogent reason for performing a total 
hysterectomy, whenever possible, is the fact 
that carcinoma is all too commonly seen in 
the cervical stump after the subtotal opera- 
tion. 

From statistics in most modern hospitals, 
carcinoma occurs in the cervical stump in 
about 1 per cent of the cases. Masson found 
that from 1920 to 1926, 16 cases of carcinoma 
of the cervix were observed at The Mayo 
Clinic, from 3 to 15 years after subtotal ab- 
dominal hysterectomy for benign lesions, and 
13 cases in which it was not possible to 
determine whether or not malignancy had 
existed prior to the early operation. In about 
the same number of cases the cervix had been 
removed for troublesome leucorrhoea in cases 
in which subtotal hysterectomy had been per- 
formed previously. 

The mortality for total abdominal hys- 
terectomy should not be greater than for 
subtotal abdominal hysterectomy, if the cervix 
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has been properly prepared. The vagina and 
cervix should be cleansed with soap and water 
and alcohol and then painted with three to 
five per cent iodine solution. If the cervix is 
soft and has a tendency to discharge a muco- 
purulent secretion, a small strip of iodine 
gauze should be placed in the cervical canal, 
or the cervix may be closed by means of 
three or four interrupted sutures. 

At The Mayo Clinic during 1928, subtotal 
abdominal hysterectomy was performed 251 
times in benign conditions with 2 hospital 
deaths (0.79 per cent), while total abdominal 
hysterectomy was performed 219 times with 
t hospital death (0.45 per cent). The death 
rate (5.88) for total hysterectomy in malig- 
nant conditions of the fundus is somewhat 
higher than in benign conditions. This in- 
crease in rate is not due to the type of opera- 
tion but is attributed to the fact that many 
of the patients are usually senile, anemic, 
and often cachectic. Death from either total 
or subtotal abdominal hysterectomy can be 
assigned to accidental causes. Pulmonary 
embolism is responsible for about 50 per cent 
of the deaths. This accident is being very 
materially reduced by administering thyroid 
extract, massage, passive movements of arms 


and legs, and tight abdominal binders after’ 


operation, as advised by Walters and Coffey. 

Coning out the gland bearing area of the 
cervix or its destruction by the electric cau- 
tery following a subtotal abdominal hysterec- 
tomy has been offered as a substitute for 
total abdominal hysterectomy in the presence 
of a diseased cervix other than from cancer, 
and when hysterectomy is indicated as a 
safer procedure for those who have less ex- 
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perience with the latter operation. This will 
not safeguard the patient against future in- 
fection or carcinoma in the cervix because it 
is practically impossible to destroy all the 
glandular area in this manner. 

The cervix and cervical canal should be in- 
spected under direct vision preliminary to 
either a total or subtotal abdominal hysterec- 
tomy. Extensive infection often exists along 
the cervical canal near the internal os in an 
otherwise healthy appearing cervix. Early 
malignant growths may occur in the fundus 
and extend through the internal os to be 
overlooked through a subtotal hysterectomy, 
since carcinoma is associated in 5 per cent of 
fibromyomata. 

Prolapse of the vaginal vault which is seen 
occasionally following either operation should 
not occur, if the broad and round ligaments 
are accurately measured and sutured to the 
vaginal vault or the cervical stump. The 
approximations of these ligaments should be 
such that sufficient allowance has been made 
for contraction of the scar, so that sufficient 
mobility will follow without prolapse. 

Subtotal abdominal hysterectomy should 
be performed in benign conditions when it is 
necessary to remove the greater part of the 
body of the uterus and when the cervix is 
in good general condition. Total abdominal 
hysterectomy is the best operation when any 
lesion other than carcinoma exists in the 
cervix and an abdominal hysterectomy is 
advisable, or when the history suggests the 
possibility of malignant change in the fibro- 
myoma or an associated malignant condition 
in the fundus of the uterus. 

VirGciL S. COUNSELLER. 








MASTER SURGEONS OF AMERICA 


DONALD MACLEAN 


early education was obtained partly at Oliphant’s School, Edinburgh, 
and partly at Coburg, Belleville, and Queen’s College, Canada. In 1858 
he entered the medical department of the University of Edinburgh, becoming a 


| Diva Maclean was born at Seymour, Canada, December 4, 1839. His 


licentiate of the Royal College of Surgeons in 1862. 

Upon his return to the United States he became an assistant surgeon in the 
Army and served at various stations, among which were hospitals at St. Louis 
and Louisville. 

In 1864, having returned to Canada, he was appointed professor of surgery 
in the Royal College of Physicians and Surgeons at Kingston, Ontario. In 1872 
he accepted the position of lecturer and later professor of surgery in the medical 
department of the University of Michigan. He occupied this chair until the 
year 1889 when he resigned and entered private practice in Detroit, Michigan. 
Here he remained until his death, which occurred July 24, 1903. 

Among the many honors bestowed upon him during his active life the fol- 
lowing may be mentioned. In 1884 he was elected president of the Michigan 
State Medical Society. In 1894 he was president of the American Medical 
Association. He was elected to honorary membership in the Ohio State Medical 
Society and the New York State Medical Society. He was a member of the 
Royal College of Surgeons of Edinburgh, as well as a Fellow of the Royal College 
of Physicians. 

Donald Maclean is best remembered as a great teacher. He inspired enthu- 
siasm in his pupils and was sponsor for many great surgeons, some of whom 
have become famous. Of spare build, about five feet ten inches high, handsome 
and bold, he conducted his clinic in a dramatic manner, and his kindly per- 
sonality made him many friends in the medical profession. 

J. WALTER VAUGHAN. 
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CAESARIS MAGATI 
SCANDIANENSIS 


IN ALMO FERRARIENSI 
Gymnafio publici Medicine Profefforis. 
DB RARA MEDICATIONE VVLNERVM, 
feu De Vulneribus rard tractandis. 


LIBRI DVO. 


IN QVIBVS NOVA TRADITVR METHODPS, 
qua faliciffime , accitius quam alio quouis modo fanantur Vulnera. 
Quzcunque pretereaad veram , & perfectam corum curationem attinent, diligenter 
excutuntur:permulcaq. explicantur Galeni,&c Hippocratisloca ed {pectantia. 


HAEC AVTEM DVPLICI QVAESTIONE. 
1. Verum melins fitvulneraquondie foluere, ac procurare an pluribusinterietis dicbus. 
11. V trum turundarum, of penicillocwm vfus in CurationeV ulnerum fit neceffarius. 
NOVVM ARGVMENTVYM EST, A NVLLO HACTENVS 
aitentatum, fed pulcherrimum, & Vulnera tra@antibus maximé fu@uofum, 


ADILLVSTRISS|MOS VIROS 
D ALEXANDRVM._ FLASCVM 
Fquitem Habitus Calatrauz, acSapientum Indicem. 
SAPIENTESQVE MAGISTRATYS 


ARCHIONEM GALEATIVM GVALENGVM, 
ARCHIONEM ALOYSIVM BEVILAQVIVM, 
Ferrarienfis Gymnafij. Moderatores. . 
Cum triplici Indice Capitum, Quafionum, eg Rerum omninm memorabilinne. 
Superiorum permiflu , & Privilegijs. 


D. M 
D. M 








Apud Ambrofium , & Bartholomgum Dei , Fratres. 











- «a a oe Gm a Ce 











THE SURGEON’S LIBRARY 


OLD MASTERPIECES 
ALFRED BROWN, MLD., 


THE WOUND SURGERY OF CASSAR MAGATUS 


URING the closing years of the sixteenth cen- 
Joon, the attention of the surgical profession 
centered upon the treatment of wounds. The 
old methods of treatment with boiling oil, the cautery, 
and many formsof medicated dressings did not achieve 
the desired results, and attempts were made by many 
surgeons to find improved methods, which ranged 
from the weapon salve which Paracelsus tried to re- 
popularize to the puppy dog fat of Paré. 

Possibly the weapon salve was more efficacious 
in treatment than Paré’s fat, for at least in its use 
the wound was not dressed daily or two or three 
times a day but one of the rules of technique was to 
dress the wound and then let it alone for 7 days, 
meanwhile covering the weapon with the salve or 
powder and then disturbing it daily or oftener with 
a new dressing while it was kept warm and dry and 
away from dust and wind. This method. of treat- 
ment had the advantage that while it could not pos- 
sibly harm the implement which caused the wound, 
it did serve to protect the wound against too much 
meddlesome surgical trauma. 

Apparently some of the Roman surgeons recog- 
nized the harmfulness of frequently disturbing 
wounds, for on one of his visits to Rome Caesar 
Magatus learned of this method of treatment and 
was much struck with its benefits. 

Magatus, an Italian, was born in 1579 in Scan- 
diano. After studying at Bologna where he received 
his degree of doctor of philosophy and medicine, 
he went to Rome to continue his medical studies. He 
probably had the opportunity at this time to observe 
the effects of the non-interference method of treating 
wounds, for he states in his work that the idea was 
not original with him but he had observed the tech- 
nique in Rome and the results appealed to him. Re- 
turning to his home, he at once obtained a great 
reputation for his surgical work, and in 1612 was 
given the chair of surgery at the University of Fer- 
rara, then one of the great medical schools of the 
world. Four years after his appointment as pro- 
fessor, he published his book which he called Con- 
cerning an uncommon treatment of wounds or concerning 
the handling of wounds infrequently. Magatus led a 
most active life for many years, teaching and prac- 
tising. He was then taken with a severe illness 
which left him extremely weak and evidently 
thoroughly worn out, for he renounced the world and 
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worldly things and sought peace for his remaining 
years by entering the mendicant order of Franciscan 
monks known as the Capuchins. His desire for peace 
and quietude was not to be granted, however, for 
his reputation had become so great that frequent de- 
mands were made for his services. Evidently as his 
health returned, so did his desire to get back into the 
harness, for he obtained from the authorities of the 
order a special dispensation to practice in the prin- 
cipal cities of Italy and again took up work, remaining 
in practice until his death which occurred at Bologna 
in 1647 following an operation for the stone. 

Magatus states on the title page of his book that 
there are two important questions that he intends to 
decide in the work. First, whether it is better to un- 
loosen and care for wounds daily or whether several 
days should be allowed to intervene between dress- 
ings; and, second, whether the use of tents and 
sponges are necessary in the cure of wounds. 

Both of these questions he decides. The first in 
favor of less frequent dressings and the latter in the 
negative. He begins by giving the fourteen reasons 
why daily dressing of woundstis said to be necessary. 
The following are examples of these reasons: By 
uncovering the wound the putrefaction is exposed to 
view—even gangrene may supervene if wounds are 
not dressed frequently—it is necessary to renew the 
medicaments daily and observe their effects—to give 
a daily prognosis—to remove causes of irritation— 
and finally it has always been done; hence why change. 
In this final reason Magatus states that authors say 
“A method which brings about health is not to be 
changed has been stated by Hippocrates. So by this 
method which uncovers, wipes off, and cares for 
wounds often, the wounds are brought to excellent 
condition as experience shows; therefore, it should 
not bechanged. Therefore a wound should be dressed 
daily.” Magatus then goes on to combat the argu- 
ments for daily dressings and shows that the same 
reasons may be given for less frequent dressings. He 
then gives his reasons for discarding the ancient prac- 
tice, all logically stated and in contradiction to the 
final argument for frequent dressings and states: 
“That method of cure under which wounds are healed 
more happily and quickly than under another is the 
most excellent and judicious and as experience has 
shown that under this new method wounds are healed 
more happily and quickly than under another; there- 
fore, this new method is the most excellent and judi- 
cious.” 
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REVIEWS OF 


are practised by the present Master of Rotunda 

Hospital are described in T'weedy’s Practical Ob- 
stetrics.. ‘The subject matter has been well arranged 
and the book is well printed. Many of the views 
expressed vary somewhat from the attitude and 
teaching in the United States. The author still 
recommends submammary hypodermoclysis. The 
disadvantage of breast complications arising from 
this procedure in the nursing mother has led many 
to substitute the axillary region for this purpose. 
The reviewer regrets that the author still recom- 
mends intra-uterine douching. 

Happily the author has included a short chapter 
on prenatal care. 

This book is recommended chiefly to the prac- 
tising physician and not the student, since the de- 
tails in the pathology treatment are glossed over 
rather hurriedly. E. L. CorneLL. 


a: IE principles and methods of treatment which 


HE small book on Diagnosis and Treatment of 
Deformities in Infancy and Early Childhood? is 
intended to supplement the larger textbooks of 
orthopedics in a preparatory way, its object being 
to stimulate general practitioners and those in charge 
of obstetrics and infant welfare clinics to be on the 
lookout for signs of early deformity in those who 
may come under their care. The subject matter is 
well chosen and is presented in good sequence. It 
deals largely and in a practical way with preventive 
treatment. The choice of illustrations and the exe- 
cution of same are satisfactory. The operative side 
of the treatment of the conditions discussed is not 

given much attention. 
This volume should be of value to the medical 
student, the interne, and the general practitioner. 

Puitie Lewin. 


NLY the treatment of injuries of the skeleton 

is dealt with in Forrester’s Traumatic Surgery. 
The treatment of the various phases of trauma to 
the soft tissues, with the exception of a chapter on 
surgical and non-surgical treatment of peripheral 
nerve injuries, is not included. The book is beauti- 
fully illustrated and gives adequate description of 
the author’s method of handling various fractures 
and dislocations, his experience being based on many 
years of practice in the field of industrial surgery 
with additional experience obtained in the British 
orthopedic service during the War. 


ITweEDy’s Practicat Osstetrics. Edited and largely rewritten by 
Bethel Solomons, M.D., F.R.C.P.1., M.R.LA. 6th ed. New York: 
Oxford University Press, 1929. 

2DIAGNOSIS AND TREATMENT OF DEFORMITIES IN INFANCY AND EARLY 
CuitpHoop. By M. F. Forrester-Brown, M.S., M.D. (Lond.). With 
a foreword by Sir Robert Jones, Bart., K.B.E., C.B., F.R.C.S. New 
York and London: Oxford University Press, 1929. 

83[MPERATIVE TRAUMATIC SURGERY WITH SPECIAL REFERENCE TO 
AFTERCARE AND Procnosis. By C. R. G. Forrester, M.D., F.A.C.S. 
New York: Paul B. Hoeber, Inc., 1929. 


NEW BOOKS 


One of the novel features of this volume is the 
attempt made by the author to estimate the average 
length of disability from the various skeletal injuries 
which exemplifies his viewpoint as a practical indus- 
trial surgeon. He gives indications and suggests the 
time in the course of management for the various 
injuries when massage, manipulation, and other 
physical treatment should be instituted. His view- 
point in regard to operative treatment is, in general, 
conservative. He is inclined to use wires, for secur- 
ing apposition of fractured bones, more frequently 
than the average American surgeon now uses them. 
He describes his technique for forceful manipulation 
of stiffened shoulders and apparently is inclined to 
follow the teaching of the British school. He also 
describes Morrison’s technique for the injection of 
“‘bipp” in osteomyelitis and recommends the methods 
of treating this disease in vogue in the British army 
during the War. He recommends the use of the 
Steinmann nail almost to the exclusion of calipers. 

This volume is a valuable addition to the library 
of the industrial surgeon. It gives in pertinent 
English one man’s view of the surgical management 
of these injuries. Harry E. Mock, 


HE book on Nephritis‘ is an amplification of the 

Goulstonian Lectures delivered before the Royal 
College of Physicians in the spring of 1928. Despite 
the brevity of the work the author succeeds in pre- 
senting a survey of nephritis that provides a basis 
for reflection of the problems concerned with the 
study of this inexhaustible subject. The results of 
recent investigations are incorporated and their sig- 
nificance indicated. The modern conception of the 
relation of uremia, oedema, and blood pressure to 
nephritis is outlined and the direction from which 
further aid in their explanation may be expected is 
indicated. Thus, it is shown how the study of 
uremia involves inquiry into broad biochemical 
principles, how oedema is probably always a mani- 
festation of damage to tissues outside the kidney, 
and how high blood pressure is more often a cause 
than a result of nephritis. 

The classification presented has been found by 
the author compatible both with existing clinical 
and pathological knowledge. It resembles in the 
main that of Volhard and Fahr. Nephritis is cor 
ceived to comprise (1) the nephroses (lipoid neph- 
rosis, chemical nephropathies, and amyloid disease); 
(2) glomerulo-nephritis (acute diffuse, chronic dif- 
fuse, focal and embolic); (3) arteriosclerosis (‘‘pre- 
nephritic” stage or essential hypertension; later 
stage with cirrhosis of spleen and kidneys and renal 
failure, the so-called “chronic interstitial nephritis”’; 
the malignant renal sclerosis of Fahr). The prin- 


4Nepuritis; Its PropLeMs AND TREATMENT. By T. Izod Bennett, 
M.D. (Lond.), F.R.C.P. New York and London: Oxford University 
Press, 1929. 
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ciples of treatment of the various types of nephritis 
are outlined and the procedures available to combat 
uremia, oedema, and high blood pressure associated 
with renal failure are described. A well selected list 
of references adds to the value of the book. It pro- 
vides an admirable summary of our present knowl- 
edge of an inexhaustible subject. 
WALTER H. NADLER. 


8 bey small volume by Dr. H. Hyslop Thomson 
on Tuberculosis; Its Prevention and Home Treat- 
ment: a Guide for the Use of Patients merits careful 
reading by those afflicted with pulmonary tubercu- 
losis and by those medical men into whose practice 
cases of this type occur: 

While, in the main, nothing new is injected in the 
book that has not been written by other authors, 
many of the chapters are so concise and so impres- 
sive that it makes the book worth while. His em- 
phasis of the value of sanatorium treatment and 
the necessity for after-care is so forceful that if every 
patient ready for discharge from an institution could 
read it and follow his advice, breakdowns would be 
less frequent. His chapter on personal measures, 
involving such questions as rest, exercise, occupa- 
tion, sleep, marriage, and likewise, is of the greatest 
importance. 

A very full index completes what is, in my mind, 
96 pages of good thought and good advice in the 
field of tuberculosis. Max BIESENTHAL. 


COMPLETE review of the subject of abdomi- 
nal drainage is found in the book by Cadenat 
and Patel.? The first portion of the work is his- 
torical; then follow brief chapters on the physics of 
drainage and a brief résumé of peritoneal physiology. 
The remainder is devoted to a discussion of indica- 
tions and contra-indications for drainage in abdomi- 
nal and pelvic operations. 

Most surgeons will agree with the authors in their 
viewpoint on drainage. They are quite conservative 
in the use of drainage, but oddly enough, while will- 
ing to omit drainage in suppurative appendicitis, 
they feel unsafe in closing the abdomen after chole- 
cystectomy “because of the uncertainty of ligatures 
and sutures in the biliary ducts.” 

J. R. BucHBINDER. 


Ts history, etiology, pathology, symptomatol- 
ogy, and treatment of gonococcus infection of 
the hip joint is presented by Lamy,’ one of the 
leading authorities of Paris. The illustrations of 
arthritis of the hip are excellent. 

The various types of arthritis are given, including 
polyarthritis, monarthritis, osteoarthritis, and the 
type associated with spondylose rhizomelique, and 


I1TUBERCULOSIS; ITs PREVENTION AND HoME TREATMENT: A GUIDE 
FOR THE USE oF Patients. By H. Hyslop Thomson, M.D., D.P.H. 
New York and London: Oxford University Press, 1928. 

*Le DRAINAGE EN CHIRURGIE ABDOMINALE. By Dr. F. M. Cadenats 
and Dr. M. Patel. Paris: Gaston Doin et Cie, 1928. 

La Coxite Gonococcique. By Marthe Lamy. Paris: Gauthier- 
Villars et Cie, 1929. 


the puerperal and infantile types described. Com- 
plications include dislocations and acetabular pro- 
trusion. 

The medical and surgical treatment is discussed 
and the abstracts of 160 cases taken from the 
literature. Puiuie Lewin. 


‘Two international authors wrote the book on 
Orthopedic Surgery.’ Since the appearance of the 
first edition one of the authors (Lovett) died. Three 
additional names appear, those of Allison, Ober, and 
Platt, all of international reputation and acknowl- 
edged ability. The first edition was dominated by 
a military atmosphere, the second edition fortu- 
nately is not. 

There are many changes from the first edition— 
some of omission, some additions, and some rewrit- 
ing. Many advances have been made since the first 
edition appeared. For this reason every chapter has 
been reviewed, especially the sections on stiffness of 
joints and operative treatment; arthritis deformans; 
affections of adult bone; anterior poliomyelitis; ob- 
stetrical paralysis; and lateral curvature of the 
spine. 

Entirely new chapters have been added on sub- 
jects of affection of tendons, muscles, and fascia; 
peripheral nerve lesions; pyogenic affection of bone; 
vascular lesions of extremities; amputations; and 
artificial limbs. 

The operative side of orthopedic surgery is well 
presented. The subject of adhesions is well treated 
as it is one of the subjects closest to the heart of 
one of the authors (Jones). 

The sequence of subjects treated differs from other 
textbooks and is a welcome change. This volume 
will continue to serve as a standard orthopedic text 
and reference book. ‘The bibliography is helpful 
though incomplete. The work of the publisher is 
excellent. 

This book should be of great value to the student, 
to the interne; to the general practitioner, and to 
the orthopedic specialist. It confirms the fact that 
Jones is the master orthopedic teacher of the world. 

If Lovett could see this edition, he would be 
proud. Puriie Lewin. 


N our books there is such a dearth of useful 

information on diseases of the cesophagus, that 
Aabel’s monograph on Gsophageal Obstruction® fills 
a void. The reviewer knows of no other single 
volume on the subject. Every angle is covered in a 
masterful and complete manner. No omissions 
could be discovered. Special praise should be given 
to the chapter on diverticula. 

The following minor criticisms might be offered: 
(1) In the handling of cardiospasm, the treatment 


4OrTHOPEDIC SuRGERY. By Sir Robert Jones, Bart., K.B.E., C.B., 
Ch.M. (Liverpool), F.R.C.S. (England, Ireland, and Edinburgh), 
F.A.C.S. (U.S.A.), and Robert W. Lovett, M.D. F.A.C.S. ad ed. 
New York: William Wood & Company, 1929. 

5(ESOPHAGEAL OBSTRUCTION; ITS PATHOLOGY, DIAGNOSIS AND TREAT- 
MENT. By A. Lawrence Abel, M.S. (Lond.), F.R.C.S. (Eng.). New York 
and London: Oxford University Press, 1929. 
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might have been given in a more explicit manner. 
(2) The cesophagoscope has far less value than one is 
apt to gather from this treatise. The reviewer 
believes that the cesophagoscope, aside from its use in 
the removal of foreign bodies, has a very limited field. 
This unique and practical monograph cannot be 
too highly praised. It should be in all medical 
libraries. A. A. GoLpsMitu. 


LEVEN lectures on gastro-intestinal problems 
4 given at St. Andrews during the winter of 1927 
by prominent English physicians and surgeons are 
published in book form under the title Gastro- 
Intestinal Diseases... The subjects are clinical and 
statistical as regards symptoms and results of treat- 
ment. They are usually the personal views of the 
speaker derived from his own clinic. They do not 
seem to be the formal presentation of research but 
are more in the nature of discussion of common 
problems giving personal opinions and deductions 
rather than scientific conclusions. As such the 
lectures are interesting; some seem a little old 
fashioned; some are disappointing; but all are worth 
reading as giving the ideas of good men 
PAUL STARR. 


N unusually good book has been written by 
Oscar Mercier on the diagnosis of urinary 
disease.2, A short commendatory preface has been 
written by Professor Marion. The significance of 
chemical, microscopical, and bacteriological findings 
of the urine are clearly discussed in detail. Urea ni- 
trogen retention in the blood, Ambard’s constant, 
and the excretion of phenolsulphonephthalein are 
given as the most accurate methods of testing renal 
function. About one-third of the treatise is given 
over to modern radiographic studies of the kidney, 
pelvis, ureter, and bladder. The presentation of the 
value of lateral cystography is amply illustrated. 
The cystoscopic appearance of various lesions of the 
bladder and urethra is discussed in detail and each 
condition is clearly depicted in colored illustration. 
The book is a valuable contribution on the utiliza- 
tion of modern urologic methods of diagnosis, and 
apparently is intended for the specialist rather than 
the general practitioner. Vincent J. O’Conor. 


ODERN urologic diagnosis is dependent not 
only on cystoscopy but on ureteral catheteriza- 
tion, a study of renal function, roentgen-ray exam- 
inations, and pyelography. These subjects as well as 
operative cystoscopy are considered by Dr. Eugen 
Joseph, the author of Lehrbuch der diagnostichen und 
operativen Cystoskopie®. Because of its completeness 
the book is a novel departure. 


1GasTRO-INTESTINAL Diseases; Lectures DELIVERED AT THE 
om s MACKENzIe INSTITUTE FOR CLINICAL RESEARCH, ST. ANDREWS, 
WINTER SESSION, 1927. Edited by Professor David Waterston, M.A., 
M.D., F.R.C.S. (Edin.). New York: Oxford University Press, 1928, 

*Séscheotoue Urinatre. By Oscar Mercier. Preface by G. Marion, 
Paris: Amédée Legrand, 1927. 

8LEHRBUCH DER DIAGNOSTISCHEN UND OPERATIVEN CyYSTOSKOPIE. 
By Dr. Eugen Joseph. Berlin: Julius Springer, 1929. 


About one-half of the book is devoted to the sub- 
ject of cystoscopy exposition. A point that is well 
taken and of such importance that it is rightly 
stressed by the author is the value of the history and 
a careful physical examination before the cystoscopy 
is done. The various types of cystoscopes and the 
technique involved in achieving the best results in 
cystoscopic examination as well as the various kinds 
of anesthesia are thoroughly discussed. 

The different cystoscopic findings in the usual and 
the rare bladder lesions are given. The cystoscopic 
pictures and even such rare lesions as bilharzia and 
malacoplakia are well illustrated. 

The value of roentgen-ray examination and the 
subject of pyelography are carefully presented and 
well illustrated. 

A subject that is ably treated by the author is 
operative cystoscopy, and because of the lucid man- 
ner in which it is handled an interesting and instruc- 
tive chapter is added to the book. 

The endovesical treatment of bladder tumors, the 
crushing of stones in the bladder under vision, the 
treatment of stones in the ureter, and the technique 
of ureteral dilatation receive the attention which 
these subjects should always receive in a work on 
operative cystoscopy, but it is not often that the 
descriptions are as detailed as in this illuminating 
and profusely illustrated work. H. L. Kretscumer. 


S the title page states, the book by Lauriac* is a 
general study of the subject of artificial sterili- 
zation from the gynecological point of view. After 
a brief introduction and historical résumé the author 
presents his ‘“‘essai de justification,” limited to 
discussion of the sociological and medico-legal argu- 
ment. The indications for sterilization follow the 
well beaten path of those diseases of vital import; 
tuberculosis, the cardiopathies, renal affections, blood 
disorders, neuropsychosis, and contracted pelvis. 
The argument is ably re-enforced with statistics 
from recent clinical reports from French and German 
sources. In discussing eugenics as an indication, 
however, the author makes efficient use of reports 
from various states in our own country. 

The second part comprises a review of methods of 
sterilization, in which most of the better known pro- 
cedures are set forth. In general the material made 
use of is well presented and set forth clearly, defi- 
nitely, and in an orderly manner. Particularly well 
formulated are the author’s conclusions. A some- 
what lengthy but not comprehensive bibliography 
is appended. oO 


N his book on hemorrhoids,’ Morley stresses the 
importance of having an expert treat hemor- 
rhoids, whether the injection treatment is used or an 
operation is performed. Morley’s comparison of the 
time required to effect a cure by injections with that 


4LA STERILISATION DE LA Femme (Erupe Gfénfrate). By Dr. René 
Lauriac. Alger: Imprimerie Pfeiffer & Assant, 1929. 

SHemorruors; THerr ErioLoGy, PROPHYLAXIS AND TREATMENT 
BY MEANs OF Injections. By Arthur S. Morley, F.R.C.S. (Eng.). New 
York and London: Oxford University Press, 1929. 
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by operations is quite at variance with the experi- 
ence of American proctologists. While he states 
that in operation by ligature or by clamp and cautery 
“the stumps of the hemorrhoids are made to slough 
intentionally,” a proper technique should occasion 
no sloughing. 

Formerly he used for injection a solution of 10 
to 20 per cent carbolic acid in glycerin. This was in- 
jected into the base of the hemorrhoid. He has 
discarded this solution and now uses a 5 per cent 
solution of carbolic acid in almond oil to each ounce 
of which is added 1o grains of menthol. This 
solution is injected submucously in larger quantities. 

With this solution and the modified technique, he 
feels that the liability of so many complications, 
such as pain, sloughing, and hemorrhage has been 
decreased. It is true, however, that some patients 
have a pyrexia 12 hours after the injection, which 
lasts about 24 hours. He has not determined the 
cause of this fever. 

The conclusion must be drawn that without 
adequate training and experience in proctology 
neither the injection treatment of hemorrhoids 
should be used nor operations performed. F. FE. D. 


N the third edition of the small volume by Page 
and Bristow on the treatment of both fractures 
and dislocations! all chapters have been enlarged 
except those on head, spine, and jaw injuries. Many 
illustrations have been added, including a number of 
line drawings to explain the accompanying halftone 
reproductions of skiagrams. 

The general sections on diagnosis are very good, 
the value of crepitus alone being overemphasized. 

The section on the head seems inadequately short 
and unbalanced as compared with the frequency and 
importance of head injuries. Regarding the para- 
graph on the scapula, it might seem difficult to adopt 
the line of suggested treatment to the average female 
patient. The sling for treatment of fracture of the 
acromial end of the clavicle as drawn on page 86 
would scarcely remain on the average patient for a 
half hour. 

On the whole, the advice given in the text is very 
sound and concise; the illustrations are good but 
many of them offer little help from the standpoint of 
treatment. It is possibly unfair to criticize this ef- 
fort at a small practical volume but, like all such, it 
may fail the practitioner at a critical point in its 
lack of specific or extended instruction. 

These minor detractions do not really lower the 
innate value of this compact book to the practi- 
tioners. K. S. 


A CAREFUL survey of volume VI of the Lewis 
Practice of Surgery? discloses an abundant 
amount of material. The most outstanding chap- 

1THE ‘TREATMENT OF FRACTURES AND DISLOCATIONS IN GENERAL 
Practice. By G. Max Page, D.S.O., M.S. (Lond.), F.R.C.S., and W. 


Rowley Bristow, M.B., B.S. (Lond.), F.R.C.S.. New York: Oxford 
University Press, 1929. 


*PRACTICE OF SURGERY. Edited by Dean Lewis, M.D., Sc.D. vol. vi. 
Hagerstown, Maryland: W. F. Prior Company, Inc., 1929. 
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ter in this volume is that prepared by Reinhoft 
on the thyroid gland. Here we find concentrated 
in about 265 pages a thorough and complete descrip- 
tion of the gland, its diseases and their treatment. 
Microscopical and gross pathological findings are 
corollated with physical and clinical findings in such 
a lucid manner as to be of everyday practical value 
to the surgeon and practitioner. Enough experi- 
mental work is included to justify conclusions and 
deductions in question. Every phase of thyroid 
disease and its visceral complications is covered in a 
thorough manner, leaving nothing of value in ques- 
tion. In every way the description of thyroid dis- 
ease is brought down to the minute in a compact and 
readable form and, aside from large monographs, the 
chapter is the most complete delineation available 
in the English language. A bibliography of some 396 
references is of distinct value to the student of 
thyroid disease. 

Another chapter that deserves special commenda- 
tion is the one written by Vincent and Hanrahan 
on the surgery of the spleen. The authors have 
chosen wisely from the world’s literature and from 
their personal experiences in the preparation of this 
unusually valuable article. Here again a skillful 
combination of pathological evidence and clinical 
detail makes a thoroughly scientific and lucid 
description. For practical purposes the reviewer 
knows of no work its equal. 

The stomach and duodenum are thoroughly cov- 
ered by a number of contributors. Dragstedt’s 
article on acute dilatation of the stomach and Hart- 
well’s description of syphilis of the stomach are 
classical. ‘The reviewer was somewhat disappointed 
in one phase of the description of gastric ulcer. The 
authors failed to impress the reader with the choice of 
operation for definite pathological entities. All 
operations were beautifully illustrated and clearly 
described but one is left in doubt what the authors 
recommend in specific instances. Bloodgood’s article 
on tumors of the stomach is unique and complete. 

Volume VI of this system of surgery has no peer. 
The subjects are presented in a manner which is 
complete yet devoid of time consuming detail, 
which is thoroughly scientific but not lacking in 
practical application. The volume is a truly mar- 
velous assembly of scientific and practical facts 
eminently suited for the scientific practitioner of 
medicine. J. A. WouFer. 


justifying the presentation of a book in this al- 
ready crowded field, Fisher in Chronic (Non- 
Tuberculous) Arthritis’ quotes the guiding principle 
of John Hunter—that before we can hope to treat 
a disease on rational lines, we must build a founda- 
tion upon which to erect our therapeutic measures. 
He believes that the physiology of the joint has been 
neglected and that a great many puzzling situations 
in arthritis, such as to immobilize or not, may be 

’Curonic (Non-TuBERCULOUS) 


PRINCIPLES OF MODERN ‘TREATMENT. 
F.R.C.S. (Eng.). 


ArTHRITIS; PATHOLOGY AND 
By A. G. Timbrell Fisher, M.C., 
New York: The Macmillan Company, 1929. 








652 SURGERY, GYNECOLOGY AND OBSTETRICS 


decided by a thorough knowledge of the physiology 
of the structures involved, and that many of the 
features of arthritis that remain obscure may be ex- 
plained by a proper understanding of the joint 
physiology. 

Furthermore, he believes that too little study has 
been given the early, less spectacular, pathological 
changes in arthritis; that the orthopedic aspects of 
treatment and prevention have been secondary in 
the literature to the medical aspects, and he wishes 
to break down any idea of separate or distant surgi- 
cal and medical approaches. The chapter on applied 
physiology of the articulations is one that will well 
repay the study of those at all concerned with these 
problems. ‘Treating first the synovial membranes, 
their structure, growth, methods of nourishment, 
and reaction to injuries, irritation, and foreign 
bodies; he proceeds to consider the articular carti- 
lage in the same manner, with particular emphasis 
on the role of the nutrient fluid in the joints. 

The chapter on pathology is beautifully illustrated 
with photographs of gross and microscopic changes 
of all structures involved. 

The author discusses critically the various theories 
of etiology, such as focal infection, specific local in- 
fection, allergy, disturbances of metabolism (espe- 
cially as advocated by Pemberton), endocrine dis- 
order, and heredity. 

The chapter on symptomatology deals largely with 
the deformities and disturbances of function and as 
in previous chapters is clearly and profusely illus- 
trated with photographs of gross specimens as well 
as X-ray plates. The final chapter on principles of 
treatment, after a recapitulation of all the facts 
previously stressed, gives due weight to the medical, 
physiotherapeutic, orthopedic, and surgical indica- 
tions. 

The work is very evidently by a scholar, who has 
no personal theories to advance. He has made a 
long, careful study of the disease as well as the liter- 
ature and gives the reader a well-balanced view of the 
present status of chronic arthritis from both an 
etiological and therapeutic standpoint. It is a 
valuable contribution in this field. W. A. T. 


A NEW textbook pertaining to a particular spe- 
cialty in medicine is always of interest to the 
specialist and of more than ordinary interest if he 
be a clinical teacher. The clinician is ever on the 
alert to find some improved arrangement, some new 
formulation, some clearer or briefer expression for 
his students. That the author of this 800-page vol- 
ume on Gynecology’ has had experience in the class- 
room, in the laboratory, in the clinic, and that he has 
sought to present his material according to the ideas 
just mentioned, is apparent with even a cursory 
examination of the book. 

The author has arranged his material according 
to the anatomical classification, one that lends itself 


1GYNECOLOGY; A TEXTBOOK OF THE DISEASES OF WomEN. By 
Lynn Lyle Fulkerson, A.B., M.D., F.A.C.S. Philadelphia: P. Blakiston’s 
Son & Company, 1929. 


readily to description and hard to get away from if 
one wished. The result is, however, that pelvic 
inflammation, instead of appearing to the student 
reader as an entity, is broken up into the separate 
pathological pictures of oophoritis, salpingitis, and 
metritis. While pathological entities, these condi- 
tions are not separated clinically. 

While there is no general discussion of the endo- 
crine glandular system in its relation to gynecology, 
the therapeutic use of individual gland products is 
given in some detail. And this, perhaps, is just as 
well, too, in a general text at the present day. 
Frank’s work in this field, as well as that of Allen, 
Doisy, and the many others, is not described, but 
references to some of the abundant literature is 
found in the bibliography. In many places, also, 
statements that are debatable are made without 
argument, as for instance, that hyperplasia of the 
endometrium is the result of hyperthyroidism and 
hypo-ovarian function. 

Among the pleasing features of the book are the 
many short, concise chapters describing the relation 
to gynecology of gonorrhoea, tuberculosis, syphilis, 
protein therapy, radium, electrothermy, ultraviolet 
radiation, and the sedimentation test. Lipiodol 
examination of the pelvic organs and Rubin’s test 
of tubal potency are adequately described, though 
in separate places. A short chapter on blood trans- 
fusion by Campbell is also included. Indeed, it may 
be said that diagnosis and therapy, while not over- 
emphasized, are given space out of proportion to 
pathological description. Thus endometriosis is 
barely referred to and tricomonad infection of the 
vagina is not mentioned. 

As might be expected on the part of an author 
who presented Gynecolic Urology as recently as 1925, 
diseases of the urinary tract and their operative 
treatment is made one of the features of the present 
volume. Throughout, operative therapy is empha- 
sized and the descriptions of the various gynecologic 
surgical procedures are described briefly and clearly. 
Dr. Fulkerson has wisely limited these operations, 
apparently to the few which he has found of most 
value to himself. Those illustrations which are 
original to the volume are simple, clear line draw- 
ings and serve admirably to elucidate the text. 

To each chapter is appended a short bibliography, 
offered, as should be the case in a textbook, as col- 
lateral reading rather than mere citations. C. C. 


wor twenty years Ker’s Infectious Diseases? has 
retained the distinction of being one of the most 
practical textbooks relating to contagious diseases. 
From cover to cover it is evident, as the author has 
stated, that the material presented is based on per- 
sonal experience, and consequently great weight is 
attached to the opinions expressed. 

The first chapter entitled “Introduction” con- 
stitutes in itself an essay which no one interested in 


*Ker’s Inrectious Diseases; A PracticaL TexTBook. Revised 
, Claude Rundle, O.B.E., M. D. (Lond.), M.R.C.S. (Eng.), L.R.C.P. 
nd.), D.P.H. 3d ed. New York: Oxford University Press, 1929. 
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modern medicine could regret reading. In the last 
chapter, ‘‘ Fever Hospital Problems,”’ is a discussion 
of many topics not usually found in a volume of this 
character. 

Twelve important contagious diseases are de- 
scribed in detail yet in untiring completeness. There 
are 32 plates, 14 of which are in color. The excellence 
of these illustrations not only makes the book more 
attractive but adds to its value as well. Numerous 
fever charts and also some tables are included. 

Possibly the only improvement in Ker’s /nfectious 
Diseases which could be brought about, Claude 
Rundle has accomplished in the revised third edition. 
This last edition has simply been brought up-to-date 
by the incorporation of advances which have been 
made in medicine during the past ten years. In this 
respect measles and scarlet fever have received par- 
ticular attention. About one-fifth of the total (614) 
pages is devoted to typhoid under the name, enteric 
fever. 

The book in its present form is much more con- 
venient to handle than when it appeared in the size 
of the original edition. It should be studied and used 
for reference by all those desiring clear, dependable 
knowledge concerning contagious diseases. A. H. 


HE volume written by Alfred Gosset' and as- 

sociates presents much of interest. In the first 
chapter Gosset, chief of the clinic, sketches the his- 
tory, the present organization, and the functioning 
of the surgical clinic and the anti-cancer center of 
the Salpétriére. 

Chapter II, likewise from his pen, is devoted to 
the description of the technique of the operation for 
the cure of cancer of the breast. It serves to em- 
phasize the principles laid down by Halsted and by 

'TRAVAUX DE LA CLINIQUE CHIRURGICALE ET DU CENTRE ANTI- 


CANCEREUX DE LA SALTPETRIERE. By A. Gosset. Second series. Paris: 
Masson et Cie, 1927. 
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Handley. Of special interest is the chapter on the 
combined radium and operative treatment of cervico- 
uterine cancer. They have performed an extensive 
hysterectomy of the Wertheim type five or six weeks 
after exposure to radium. Of seventy-four cases 
thus treated there were three fatalities. Thirty-two 
consecutive Wertheim operations did not have a 
single death. Fifty-five and five-tenths per cent are 
alive and well more than three years after the opera- 
tion. There are chapters dealing with general 
anesthesia, resection of the right colon for malig- 
nant tumor in two stages, strawberry gallbladder, 
chronic hemorrhagic proctitis, and others. 
The book is richly illustrated. GUTL 
HE book by Hartmann on Travaux de Chirurgie? 
consists of fifteen separate monographs on the 
surgery of the stomach and duodenum. A statistical 
study is presented of all cases operated upon during 
the period 1914 to 1918. The causes of all deaths 
are discussed. A careful clinico-pathologic study of 
chronic peptic ulcer of the lesser curvature is pre- 
sented. While apparently favoring gastric resection, 
Hartmann emphasizes that he had had good results 
with excision of the ulcer plus a simple gastro- 
enterostomy. He is opposed to intervention for a 
severe hemorrhage from an ulcer. Carcinoma is 
thought to develop rarely from a chronic gastric 
ulcer. There is a valuable and timely contribution 
on the anomalies and chronic dilatation of the duo- 
denum. Mesenteric compression and periduodenitis 
are discussed as the etiological factors. Indications 
and technique of duodenojejunostomy are presented. 
Gastric resection with a posterior terminolateral 
anastomosis is carefully described and illustrated. 
G, H. 
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